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CHAPTER I 
INTRODUCTION AND PURPOSE 
Resource managers i n  t h e  U n i t e d  S t a t e s  h a v e  become inc reas ing ly  
concerned with the preservat ion of  the interface between water and land 
as a c r i t i c a l  component i n  t h e  b a l a n c e  of the Earth 's  ecosystem. In the 
lex icon  of  ecology th is  grada t ion  f rom water t o  l a n d  is  def ined  as a 
wetland. Wetlands are r e f e r r e d  t o  by a v a r i e t y  o f  names such as bogs, 
marshes, swamps, po tholes ,   s loughs ,  w e t  meadows, a n d   p l a y a s .   I n   t h i s  
r e p o r t  t h e  o n l y  term used as a synonym for  wet land  is "swampland". 
Inland and coastal  swamplands i n  the  Un i t ed  S ta t e s  are disappearing 
a t  a p r e c i p i t o u s  rate.  Urban and agricul tural   encroachment ,   channel iza-  
t i o n ,  and draining have decimated extensive areas of  wet lands,  with only 
a f r a c t i o n  o f  t h e  e s t i m a t e d  o r i g i n a l  n a t i o n a l  t o t a l  o f  1 2 7  mi l l i on  ac re s  
(51 m i l l i o n  h e c t a r e s )  o f  swamplands remaining. 1 
Through t h e  e f f o r t s  o f  r e s e a r c h ,  a new cognizance for  the importance 
of wetlands as components i n  the  g loba l  ecosys t em has  emerged. 
S c i e n t i f i c  e v i d e n c e  i n d i c a t e s  t h a t  a myriad of plant and animal species 
depend on wetlands as a l i f e  suppor t  sys t em;  swamplands are a l s o  extreme- 
l y  b e n e f i c i a l  t o  t h e  g e n e r a l  w e l f a r e  o f  man: 
Wetlands moderate extremes i n  water flow and have value as 
natural   f lood-control  mechanisms. They a i d  i n  water pur i -  
f i c a t i o n  by t r app ing ,  f i l t e r ing ,  and  s to r ing  sed imen t  and 
o the r  po l lu t an t s  and  by r e c y c l i n g  n u t r i e n t s .  Many serve 
as ground-water  recharge areas. All func t ion  as nursery  
areas f o r  numerous aquat ic  an imal  spec ies  and  are cr i t ical  
h a b i t a t  f o r  a wide var ie ty  of  plant  and animal  species .  
Wetlands produce economically important crops of fur,  f ish,  
w i ld l i f e ,  t imber ,  w i ld  rice, wi ld  hay ,  wi ld  c ranber r ies ,  
and other  products .  Many r e t u r n  p r o f i t s  t h r o u g h  f e e s  f o r  
hunt ing ,  f i sh ing ,  and  t rapping  pr iv i leges .2  
2 
Because of the increased awareness of wetlands as a v i t a l  n a t u r a l  
resource,  environmental  managers a t  a l l  levels of government have 
launched  an  e f for t  to  pro tec t  the  na t ion ' s  remain ing  in land  and  coas ta l  
swamplands.  Paramount to  the  we t l ands  p re se rva t ion  endeavor  i s  t h e  
c l a s s i f i ca t ion  and  inven to ry  o f  swamplands. The Off ice   o f   Bio logica l  
Services  of  the U.S. Fish  and  Wild l i fe  Serv ice  is spearheading a n a t i o n a l  
wet lands  cataloging  program.  This   project ,  begun i n  1974, is designed 
for implementation a t  a b r o e d  l e v e l  t o  c o l l e c t  d a t a  t h a t  w i l l  be  usefu l  
t o  a wide audience of resource management agencies .  
The u l t imate  purpose  of  the  Nat iona l  Wet lands  Class i f ica t ion  and  
Inventory i s  t o  p r o v i d e  a b a s i s  f o r  making decis ions concerning swamp- 
lands  management. In mking  dec is ions  on  the  preserva t ion  of  wet lands  
i t  i s  of  pr imary importance to  assess the  soc ia l  p roduc t iv i ty  o f  we t l ands  
i n  t h e i r  n a t u r a l  c o n d i t i o n  as compared t o  t h e i r  s o c i a l  p r o d u c t i v i t y  i n  a n  
al tered or  developed condi t ion.  Resource managers  are faced  wi th  the  
problems of  weighing the social  benefi ts  of  preserving wet lands as c r i t -  
i ca l  h a b i t a t s  f o r  w i l d l i f e ,  as water p u r i f i c a t i o n  and recharge areas, as 
buf fe r  zones  aga ins t  f l ood ing ,  and f o r  a e s t h e t i c  v a l u e s ,  v e r s u s  t h e  
soc ia l  advan tages  tha t  can  be  r ea l i zed  from t h e  a l t e r a t i o n  o f  swamp- 
lands.3 The q u a n t i t y  and qua l i ty  o f  bene f i t s  t ha t  can  be  ob ta ined  f rom 
t h e  p r o t e c t i o n  o f  swamplands pr imari ly  depends upon the  na tu re  and  loca -  
t i o n  of the wet land.  The r e q u i s i t e  d a t a  n e e d s  f o r  r e s o u r c e  management 
decision-making on wetlands preservation a t  t h e  l o c a l ,  s tate,  and 
n a t i o n a l  level,  t h e r e f o r e ,  f a l l  w i t h i n  two  general   categories:  1) b a s i c  
r e sea rch  in fo rma t ion  fo r  t he  e s t ab l i shmen t  of decision-making cr i ter ia ;  
and 2 )  near - rea l  time d a t a  c o l l e c t i o n  t o  p r o v i d e  i n f o r m a t i o n  f o r  t h e  
i n v e n t o r y ,  c l a s s i f i c a t i o n ,  and monitoring of wetlands. 4 
3 
Remotely sensed data  can be ut i l ized as a fundafnental t o o l  f o r  
s a t i s fy ing  the  we t l ands  in fo rma t ion  needs  in  bo th  of  t hese  ca t egor i e s .  
Important decision-making cri teria such as land  uses  and  land-forms in  
the  we t l ands  v i c in i ty  can  r ead i ly  be  measured and evaluated using remote 
sensing  techniques.  Remotely  sensed  imagery is  also a u s e f u l  t o o l  to 
resource managers as a medium fo r  supp ly ing  nea r - r ea l  time d a t a  f o r  t h e  
i n v e n t o r y ,  c l a s s i f i c a t i o n ,  and  monitoring  of  wetlands.  Through  the 
appl ica t ion  of  remote ly  sensed  imagery  for  wet lands  informat ion  co l lec-  
t i on  and  r e t r i eva l ,  fou r  bene f i t s  can  be  r ea l i zed :  1 )  a r e d u c t i o n  i n  
cos t s  and  manpower f o r  e x t e n s i v e  f i e l d  work; 2 )  t h e  f a c i l i t a t i o n  o f  
inventory and mapping procedures;  3 )  an  inc reased  e f f i c i ency  in  de t ec -  
t ing and monitoring change; and 4 )  t he  co l l ec t ion  o f  mul t ipu rpose  da t a  
tha.t is per t inent  to  resource decis ions on future  wet land or  non-wetland 
pro j e c t  s . 4 
PURPOSE OF THE STUDY 
Although remote sensing techniques can be applied to the study of 
wet lands ,  the  cos t  of ob ta in ing  ae r i a l  photography on a r e g u l a r  b a s i s  
is  p r o h i b i t i v e  t o  most state and l o c a l  r e s o u r c e  management agencies .  
The imagery taken by NASA's 1,andsat spacecraft, however, is  a v i a b l e  
a l t e r n a t i v e  t o  w e t l a n d s  d a t a  a c q u i s i t i o n  by airborne photographic  sen-  
so r s .  Landsa t  p rov ides  r epe t i t i ve  aerial  information a t  a moderate 
cos t  in  compar ison  wi th  the  expendi ture  t o  f ly  and  develop  a i r  photos.  
Never the less ,  resource  management agencies  have  been  re luc tan t  to  
ut i l ize  Landsat  imagery as a da ta  sou rce  fo r  we t l ands  ana lys i s .  
T h i s  h e s i t a t i o n  is  based  on two p r i n i c i p a l  b e l i e f s :  1) t h a t  t h e  r e s o l u -  
t ion  of  the  imagery  severe ly  limits t h e  u s e  of  Landsa t  da ta  for  the  
s tudy   of  swamplands;  and 2 )  t h a t  s o p h i s t i c a t e d ,  e l a b o r a t e ,  a n d  c o s t l y  
computerized equipment is n e c e s s a r y  t o  e x t r a c t  a n d  i n t e r p r e t  w e t l a n d s  
information from  Landsat  imagery. 
Resource managers a t  t h e  f e d e r a l ,  s tate,  and l o c a l  levels w i t h i n  
Tennessee desire comprehensive geographic,  environmental ,  and cartogra- 
ph ic  da ta  on t h e  S t a t e ' s  w e t l a n d s ,  b u t  q u e s t i o n  t h e  v a l u e  and u t i l i t y  of 
Landsat  imagery for  meet ing  the i r  in format ion  needs .  Data a c q u i s i t i o n  o n  
the  ex tens ive  area of inland wet lands in  western Tennessee i s  of primary 
impor t ance  in  an  inven to ry  o f  t he  S ta t e ' s  swamplands.5 The purpose of 
t h i s  r e p o r t ,  t h e r e f o r e ,  is t o  i l l u s t r a t e  t h e  a p p l i c a t i o n s  of Landsat 
imagery as an  accu ra t e  medium fo r  de t ec t ing ,  i den t i fy ing ,  measu r ing ,  and 
mapping w e t l a n d s  i n  West Tennessee using simple,  manual techniques  for  
i n t e r p r e t a t i o n .  
STUDY AREA: GENERAL DESCRIPTION 
The physiography of the western Tennessee wetlands study area is 
s e p a r a t e d  i n t o  t h r e e  n a t u r a l  d i v i s i o n s :  t h e  West Tennessee  Uplands; 
t h e  West Tennessee Plains;  and the  Miss i s s ipp i  A l luv ia l  Va l l ey .  
The West Tennessee Uplands extend from the Tennessee River Valley on 
t h e  east to  approximately  Jackson,  Tennessee  on  the w e s t .  The width 
o f  t h e  Uplands var ies  f rom abcfuti 12  miles (19 km) i n  t h e  n o r t h  t o  40 
miles ( 6 4  km) in   the   south .   Topographica l ly ,   the  4,300 square  miles 
(11,146 square km) covered by t h e  West Tennessee Uplands (about 4 3  
percent  of  wes te rn  Tennessee)  cons is t s  of  d i ssec ted  h i l l s  wi th  some 
undu la t ing ,  gen t ly  s lop ing  p l a ins ;  streams i n  t h e  area flow through 
unconsol idated material and have unstable banks.  6 
5 
The West Tennessee Plain, which comprises approximately 48 percen t  
(47,000 sq.  m i l e s  o r  121,830 sq. km) of  the  West Tennessee area, s lopes  
g e n t l y  f o r  50-55 miles (80-88 1cm)’fron t h e  western border of the Uplands 
t o  t h e  western edge  of  the  Loess  Bluf fs  tha t  over look  the  Miss i ss ippi  
Al luvia l  Val ley .  These  b luf fs  have  an  e leva t ion  of 350-400 f e e t  (106- 
122 m) and stand 1 3 0  f e e t  ( 3 9  m) above  the  Miss i s s ipp i  River f loodp la in .  
They extend 15-20 miles (24-32 km) eastward and have a t e r r a i n  t h a t  is 
heav i ly  d i s sec t ed  by streams which  have  cu t  nar row,  s teep  va l leys  in to  
the  unconso l ida t ed  loes s i a l  depos i t s . ‘  The topography of the West 
Tennessee Plain east o f  t he  B lu f f s  is undula t ing  and  gent ly  ro l l ing .  
R i v e r s  i n  t h e  area are wider and more s lugg i sh  than  in  the  Up lands ,  and 
t h e i r  f l o w  is impeded by sediment caused by shee t  e ros ion  and  gul ly ing .  
The Miss i ss ippi ’  Al luvia l  Val ley  is a low p la in  tha t  cove r s  approx-  
imately 900 square miles (2 ,333  sq.  km) of West Tennessee. The Valley 
is bordered on the w e s t  by the  Miss i ss ippi  River  and  on  the  east by t h e  
Loess Bluffs.  The Al luv ia l  P l a in  co inc ides  wi th  the  h igh  water l e v e l  
o f  t he  Miss i s s ipp i  River and is marked by a l e v e e  which p a r a l l e l s  t h e  
nor thern  two- th i rds  of  the  River i n  West Tennessee. 6 
STUDY AREA: THE WETLAVDS 
The wet lands of  West Tennessee are associated with Reelfoot  Lake,  
t h e  Obion,  Forked Deer, and  Hatchie  Rivers ,  and  the  Miss i ss ippi  Al luvia l  
Floodplain (Map 1). Two o t h e r  r i v e r s  i n  West Tennessee,   the Wolf and 
the  Loosahatch ie ,  a l so  have  l imi ted  areas of we t l ands  wi th in  the i r  
b a s i n s ,  b u t  t h e  f o c u s  o f  a t t e n t i o n  by resource  management agencies  has  
been on wetland areas o the r  t han  a long  these  streams. The Wolf and t h e  
I .  
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Loosahatchie  River wetlands,  therefore,  have been excluded from the 
scope  o f  t h i s  s tudy .  
The Obion-Forked Deer River Basin 
The Obion,  Forked Deer, and Hatchie Rivers act as t h e  p r i n c i p a l  
drainage systems of the land between the Tennessee and Mississippi 
R ive r s  w i th in  the  s tudy  area. Both t h e  Obion and  Forked Deer Rivers 
c o n s i s t  o f  a main channel which branches into three primary tributaries 
designated as the North,  Middle,  and South Forks;  the main river channels 
a l s o  m e e t  and form a common o u t l e t  i n t o  t h e  M i s s i s s i p p i  R i v e r .  
The bot tomlands of  the Obion and Forked Deer Rivers h a v e  s o i l s  which 
are poor ly  dra ined  as a r e s u l t  of a l l u v i a l  d e p o s i t i o n .  S o i l s  are ex- 
t r eme ly  f e r t i l e  and  suppor t  a l u s h  swampland vegetat ive growth.  
Wetland vege ta t ion  cons i s t s  p r imar i ly  o f  oak ,  gum, cypres s ,  e l m ,  ash and 
cottonwood; some willows, hickories,  and maples are also mixed wi th  the  
dominant  hardwood vege ta t ion .  The ex ten t  and  volume of t h e s e  hardwood 
stands have been reduced by a number of  n a t u r a l ,  man-made, and man- 
induced phenomena. 
Agricultural encroachment and channelization have had an extremely 
pe rn ic ious  a f f ec t  on  we t l ands  wi th in  the  Obion-Forked Deer River system. 
The bottomlands of t h e s e  rivers w i t h  t h e i r  h i g h l y  p r o d u c t i v e  s o i l s  are 
prime areas f o r   a g r i c u l t u r e .   C o n s e q u e n t l y ,   e x t e n s i v e   a g r i c u l t u r a l  en- 
croachment  has  taken place within the Obion-Forked Deer River bottoms 
which has destroyed much o f  t he  o r ig ina l  we t l ands  a long  these  streams. 
Large-sca le  channel iza t ion  of  the  Obion and Forked Deer Rivers has  
exped i t ed  the  d ra in ing  of the bot tomlands for a g r i c u l t u r a l  c l e a r i n g .  
Piecemeal  channel izat ion of  these streams begail approximately 60 yea r s  
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a g o  a n d  a c c e l e r a t e d  i n  t h e  1950's when soybeans became the  ch ie f  ca sh  
crop  of  West Tennessee.  Wide-spread  encroachment  into  the  bottomland 
wetlands came i n  t h e  1960's t o  f a c i l i t a t e  t h e  e x t e n s i v e ,  h i g h l y  
mechanized soybean farming operations i n  t h e  area. 5 
Sheet erosion caused by l and  c l ea r ing  and channe l i za t ion  has  accel- 
e ra t ed  the  des t ruc t ion  o f  t he  .we t l ands .  E ros ion  from t h e  c l e a r e d  up- 
lands and bottomlands i n   t h e  Obion-Forked Deer bas in  has  r e su l t ed  in  an  
increase of suspended and bed l o a d s  i n  t h e  r iver  channels and has i m -  
p a i r e d  t h e  water q u a l i t y  of t h e  streams. Sedimentat ion together  with 
poor  channel  maintenance has  s ignif icant ly  reduced the carrying capaci ty  
o f  t h e  r i v e r  c h a n n e l s  t o  t h e  e x t e n t  t h a t  f l o o d i n g  i s  a severe problem 
w i t h i n  t h e  Obion-Forked Deer River systems.  During  periods  of  heavy 
r a i n ,  r a p i d l y  moving water reaches the sediment- laden areas o f  t h e  
channels   caus ing   the  rivers to   overf low.   Sediment   deposi ts   have  a lso 
formed n a t u r a l  l e v e e s  a l o n g  t h e  r i v e r s  w h i c h  h i n d e r  t h e  f l o w  of water 
back  in to  the  channe l s  and  c rea t e  ponded c o n d i t i o n s  i n  t h e  f l o o d p l a i n s .  7 
The sed imen t  depos i t i on  in  these  ponded areas has  adve r se ly  a f f ec t ed  the  
hardwood vege ta t ion  of the bottomlands.  
A n  i nc rease  in  the  beave r  popu la t ion  wi th in  the  area has aggravated 
the  f lood ing  cond i t ions  caused  by erosion. Beaver colonies have con- 
s t r u c t e d  dams across channels which impound water f o r  p e r i o d s  f a r  i n  
excess  of  the  to le rance  of  many hardwood spec ies .  5 
Urban encroachment along the Obion and Forked Deer Rivers h a s  a l s o  
devas ta ted  much o f  t he  we t l ands  in  the  bas in .  The expansion of buil t-up 
l and  a round  the  u rban  popu la t ion  cen te r s ,  pa r t i cu la r ly  a t  Jackson and 
Dyersburg,  has consumed l a r g e  areas of   wet lands .   Addi t iona l ly ,   c lear ings  
f o r  highway, r a i l r o a d ,  p i p e l i n e ,  a n d  e l e c t r i c a l  power t ransmiss ion  
rights-of-way have taken up s i g n i f i c a n t  areas of  wet land vegetat ion 
w i t h i n  t h e  Obion-Forked Deer bas in .  
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The Hatchie  River Basin 
The Hatchie  River i n  c o n t r a s t  t o  t h e  Obion and Forked Deer Rivers, 
is unchannel ized;  thus ,  c lear ing  and dra in ing  of  the  wet lands  a long  the  
Hatchie River has been impeded, and t h e  swamplands which are similar i n  
vege ta t ive  compos i t ion  to  those  found  in  the  Obion-Forked Deer bas in ,  
have  no t  been  d ras t i ca l ly  a l t e r ed .  Topography has  a l so  prevented  the  
la rge-sca le  encroachment  of  agr icu l tura l  ac i t iv i ty  in to  the  Hatchie  
River   bot tomlands.   Steep  s lopes rise from the  bottomlands  and  gradually 
g ive  way t o  r o l l i n g  u p l a n d s .  The terrain  immediately  surrounding  the 
Hatchie River wetlands is not conducive t o  e x t e n s i v e  a g r i c u l t u r a l  mecha- 
n i z a t i o n  p r a c t i c e s  and the  des t ruc t ion  o f  t he  stream's swamplands, there-  
fo re ,  has  been  h inde red  in  pa r t  by t h e  r u g g e d  r e l i e f  i n  t h e  area. 
In  p laces  a long  the  Hatchie  where  the  te r ra in  is s u i t a b l e  f o r  a g r i c u l -  
tu re ,  encroachment  in to  the  wet lands  has  taken  p lace ,  bu t  th i s  i s  con- 
f i n e d  p r i m a r i l y  t o  a few areas along the western port ion of  the river 
nea r  i ts conf luence  wi th  the  Miss i s s ipp i .  Pa t ches  o f  ag r i cu l tu ra l  
c l e a r i n g  are a l so  ev iden t  a long  the  na tu ra l  l evees  wi th in  the  qa t ch ie  
bas in  where  the  so i l s  are w e l l  d r a ined  in  compar i son  to  the  poor ly  
d r a i n e d  s o i l s  o f  t h e  b o t t o m l a n d s .  I n  a d d i t i o n  t o  t h e  t o p o g r a p h i c  b i r r i -  
ers which prevent  agr icul tural  encroachment  into the wet lands,  the 
Hatchie has been designated a Scenic River by t h e  S t a t e  of Tennessee. 
Hence,  any f u r t h e r  d e s t r u c t i o n  of the Hatchie  River environment is pre- 
cluded by l a w .  
Eros ion  and  sed imenta t ion  in  the  Hatchie  River  bas in  do no t  p re sen t  
any large scale problems,  s ince the Hatchie  is unchannel ized  and  c lear ing  
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f o r  a g r i c u l t u r e  is not  widespread.  Beavers,  however, are a nu i sance  in  
t h e  b a s i n ,  p a r t i c u l a r l y  i n  t h e  t r i b u t a r y  areas o f  t h e  r i v e r .  A s  a re- 
s u l t  of t h e  a n i m a l ' s  a c t i v i t y ,  t h e r e  as been  an  inc rease  in  the  amount 
o f  t imber  k i l l  w i th in  the  main f loodp la in .  5 
Urban encroachment in to  the  Ha tch ie  River wet lands poses  no s ignif i -  
can t  p rob lem to  the  bas in ' s  swamplands except  a t  Bolivar,  Tennessee,  
where bui l t -up land has  penetrated into the forested bot tomlands.  
The cons t ruc t ion  of  h ighways  through the  bas in  has  a l so  des t royed  and  
a l t e r e d  some areas of  wet lands along the Hatchie .  Borrow p i t s  and  g rad -  
i n g  a c t i v i t y  f o r  t h e  c o n s t r u c t i o n  of I n t e r s t a t e  40 and State Route 76  
have eliminated some wetland vegetat ion,  and have impounded water which 
i s  d e s t r u c t i v e  t o  hardwoods in  the  bot tomlands .  
Reel f oo t Lake 
Reelfaot Lake, located a t  the  nor thern  edge  of  the  Miss i ss ippi  
Al luvia l  Val ley ,  is a t e c t o n i c  f e a t u r e  c r e a t e d  by t h e  New Madrid Earth- 
quake  of 1811-12.8 The l a k e  and its surrounding  wetlands are p ro tec t ed  
as  par t  of  the Reelfoot  Nat ional  Wildl i fe  Refuge,  and by t h e  State as a 
f i s h  and game preserve.  The l ake ' s  we t l ands  are comprised  mainly  of 
cypress  and  o ther  hardwoods with some shal low water areas covered by a 
v a r i e t y  of a q u a t i c  p l a n t  l i f e .  
The Mississippi A l l u v i a l  Valley 
A s  one of t h e  most f e r t i l e  a g r i c u l t u r a l  areas i-n t h e  errtire s ta te ,  
the  Miss i s s ipp i  A l luv ia l  Va l l ey  o f  West Tennessee i s  h e a v i l y  c u l t i v a t e d  
wi th  the  l and  u t i l i zed  fo r  soybean ,  co rn ,  and cot ton product ion,  and 
pas tu re  fo r  ca t t l e .  I so l a t ed  pa t ches  o f  we t l ands  tha t  have  e scaped  
". . . . .  . . "_ " - .. .. . . . 
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obl i te ra t ion  by c l ea r ing  and d ra in ing  p rac t i ces  do t  t he  Al luv ia l  Va l l ey .  
~ 1 , ~ ~ ~  smal l  swampland tracts are gene ra l ly  conf ined  to  the  area nor th  o f  
Obion-~orked Deer River  conf luence  wi th  the  Miss i ss ippi  River ,  where  
ear then levees  have been constructed to  Protect  the agricul tural  land 
from flooding. Despite the system of levees, the lowlands are sub jec t  
to widespread inundation during periods of high rainfall .  
In  the  Miss i ss ippi  Al luvia l  Val ley  to  the  south  Of t h e  Obion-Forked 
Deer confluence there are no levees ,  and  consequent ly ,  the  wet lands  are 
more extensive.  The l a r g e r  tracts of  wet lands throughout  the Alluvial  
Valley, however, have been preserved primarily because they are  used as  
s t a t e  o r  f e d e r a l  w i l d l i f e  management areas or as  p r i v a t e  game re se rves .  
The region is  i n  t h e  h e a r t  of t he  Miss i s s ipp i  Flyway wi th  p ro tec t ed  
areas, such as the  Anderson-Tully S t a t e  W i l d l i f e  Management Area loca ted  
nor th  of  the  mouth of the  Hatchie ,  the  Moss I s l and  State Waterfowl 
Refuge which borders  the Obion-Forked Deer River  on  the  nor th  near  the  
s t ream's  confluence with the Mississ ippi ,  and the Lake Isom National  
W i l d l i f e  Refuge located just  south of  Reelfoot  Lake,  serving as a haven 
f o r  a va r i e ty  of waterfowl and wildlife. 
Although preserved areas l i k e  t h o s e  i n  t h e  M i s s i s s i p p i  A l l u v i a l  
Valley  have been e s t ab l i shed   t o   ma in ta in   we t l and   hab i t a t s   fo r   fu r ,   f i sh ,  - 
and fowl, unprotected swamplands w i t h i n  t h e  West Tennessee study area are 
plagued with a p le thora  of n a t u r a l  and man-related problems that threaten 
their   existence.   Resource management agencies   need  re l iable ,   up- to-date  
information on t h e  swamplands so  tha t  eco log ica l ly  sound ,  r a t iona l  dec i -  
sions can be made on how t o  b e s t  p r o t e c t  o r  u t i l i z e  t h e s e  w e t l a n d s .  
Landsat imagery as  a medium for  de tec t ing ,  ident i fy ing ,  measur ing ,  and  
mapping swamplands can help meet the  da ta  requi rements  of  resource  man- 
1 2  
agers  for  comprehens ive  car tographic  and  geographic  informat ion  on  the  
wetlands of West Tennessee. 
DESCRIPTION OF THE LAW SAT SYSTEM 
NASA's Landsat I (formerly the Earth Resources  Techno1 ogy S a t  e l l i t e  
o r  ERTS-1) and  1,andsat I1 were launched  in to  c i rcu lar ,  sun-synchronous ,  
nea r -po la r  o rb i t s  o f  560-570 miles (902-918 km) a l t i t ude ,  on  Ju ly  23 ,  
1972  and  January  22,  1975 r e s p e ~ t i v e l y . ~  The spacec ra f t  c i rc le  t h e  
Earth every 103 minutes ,  or  approximately 14 times per  day ,  and provide 
r epe t i t i ve  cove rage  of t h e  same area on the globe every 18 days by each 
satell i te.  With two Landsa ts  in  tandem orb i t s  n ine  days  apar t ,  any  
poin t  on  the  Ear th ' s  sur face  be tween 82  degrees  nor th  and  south  l a t i -  
tude will be passed over  by t h e  satell i tes every nine days.  10 
Both spacec ra f t  are equipped  wi th  three  da ta  acquis i t ion  sys tems;  
1) a r e t u r n  beam vid icon  (RBV); 2)  a mul t i spec t r a l  s canne r  (MSS): and 
3) a da t a  co l l ec t ion  sys t em (DCS) (Figure 1). The RBV system is com- 
pr i sed  of  th ree  v ideo  cameras t h a t  are des igned  to  " te lev ise"  imagery  
back t o  E a r t h .  S h o r t l y  a f t e r  l a u n c h ,  t h e  RBV systems were deac t iva t ed  
because of e lectr ical  problems. 10 
The primary sensor of the Landsat system has become t h e  MSS, a four  
channel   cont inuous- l ine  scanner .  The d e v i c e  u t i l i z e s  a n  o s c i l l a t i n g  
m i r r o r  t o  r e f l e c t  t h e  ground  image o n t o  a n  a r r a y  o f  s i x  d e t e c t o r s  i n  
fou r  spec t r a l  bands  ind iv idua l ly  r e fe r r ed  to  as bands 4 ,  5, 6,  and 7 
(Figure 2).11 Each band operates within different "windows" o r  " s l o t s "  
i n  the  e lectromagnet ic   spectrum. Through t h e s e  windows, t h e  MSS senses  
v i s i b l e  and infrared energy emitted from the Earth that can be used to 
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de tec t  var ious  phys ica l  and  cu l tura l  fea tures .  The four  spec t r a l  bands  
are d iv ided  in to  the  fo l lowing  spec t ra l  wavelengths :  
Band 4 (green band) - 0.5 t o  0.6 micrometers;  emphasizes sedi-  
mentation i n  water and  de l inea tes  areas of  shal low water such 
as shoals ,  reefs ,  o r  sandbars .  
Band  5 (lower red band) - 0 .6  t o  0.7 m i c r o m e t e r s ;  f a c i l i t a t e s  
t h e  d e t e c t i o n  o f  c u l t u r a l  f e a t u r e s  i n  c o n t r a s t  t o  v e g e t a t e d  
surf  aces. 
Band 6 (lower red and near-infrared band) - 0.7 t o  0.8 micro- 
meters; f ac i l i t a t e s  t he  de t ec t ion  o f  boundar i e s  be tween  l and  
and water, and landforms. 
Band 7 (near infrared band) - 0.8 t o  1.1 micrometers;  provides 
good penet ra t ion  of  a tmospher ic  haze ,  and  fac i l i t a tes  the  de- 
tection of the boundary between land and water, and landforms. 
The d e t e c t o r s  i n  t h e  MSS measure t h e  b r i g h t n e s s  o f  a n  image element 
o r  p i x e l  which is  1 8 7  f e e t  (57 m) long by 259 f ee t  (79  m) wide on the 
ground. The MSS a s sembles   t he   p ixe l   s can   l i nes   i n to  a scene   t ha t  i s  
115 miles (185 km) on a s i d e  o r  approximatel-y 13,225 square miles 
( 3 4 , 2 2 5  sq. km) i n  area." E lec t ron ic  s igna l s  f rom each  de tec to r  are 
t r ansmi t t ed  to  a ground receiver and recorded on magnetic tape.  
These s igna ls  a re  t rans la ted  in to  four  b lack  and  whi te  spec t ra l  images ,  
one for each band, and printed on 70 mm f i l m .  From t h i s  70 mm format 
negative which represents  a scale of 1:3,390,000, the MSS d a t a  i s  Pro- 
cessed into black and white o r  fa lse  color  composi te  imagery a t  
1:1,000,000, 1:500,000,  and  1:250,000 scale. Fa lse   co lor   ( s imula ted  
co lor  in f ra red)  imagery is  produced by exposing three bands ( 4 ,  5, and 7 )  
of  " IS  70 mm imagery  through d i f : fe ren t  co lor  f i l t e rs  on to  co lor  f i l m -  
Two general  types of  Landsat  data  are ava i l ab le :  bu lk  and  p rec i s ion  
processed  imagery.  Bulk or  systems-corrected  imagery is pos i t ioned  Over 
the  Earth  scene by orb i ta l  da ta .  Prec is ion-processed  or  geometr ica l ly  
corrected imagery is produced by a d j u s t i n g  t h e  s c a n n e r  d a t a  t o  g r o u n d  
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con t ro l  po in t s ;  t he  r e su l t an t  imagery  wi th  geomet r i c  d i s to r t ions  m i t i -  
ga ted  or  e l imina ted  conforms to  a t rue  o r thograph ic  p ro jec t ion .  
Despi te  the geometr ic  accuracy of  the imagery,  preckion-processed data  
l a c k s  t h e  c l a r i t y  a n d  s h a r p n e s s  o f  d e t a i l  f o u n d  i n  t h e  b u l k  MSS imagery. 
L a n d s a t  d a t a  i n  d i g i t a l  f o r m  are a v a i l a b l e  i n  s e v e n  o r  n i n e  t r a c k  
Computer  Compatible  Tapes (CCTs). Four CCTs are r e q u i r e d  t o  d i g i t a l l y  
process  one Landsat  image;  the posi t ioning of  the data  on the tapes  
n e c e s s i t a t e s  t h e  u t i l i z a t i o n  o f  a l l  fou r  t apes  to  comple t e  a set. 
The Landsat DCS receives and re-transmits information from ground- 
based   da ta   co l lec t ion   p la t forms .   Envi ronmenta l ,   metero logica l ,   c l imato l -  
og ica l ,  and  geologic  da ta  are transmit ted from the ear th-based sensors  
to  Landsa t  as the  spacec ra f t  o rb i t s  ove rhead .  The d a t a  are s e n t  t o  a n  
a n a l y s i s  f a c i l i t y  a t  Goddard Spacefl ight  Center  in  Greenbel t ,  Maryland 
where the  informat ion  is p r o c e s s e d  f o r  d i s t r i b u t i o n  t o  i n t e r e s t e d  
agencies  and  ind iv idua ls .  
One major advantage of Landsat imagery besides providing up-to-date 
mul t i spec t r a l   ea r th   r e sources   i n fo rma t ion  i s  i t s  c o s t .  The expendi ture  
needed to  acquire  Landsat  imagery i s  minimal i n  compar ison  to  the  f inan-  
c ia l  o u t l a y  r e q u i r e d  t o  o b t a i n  a i r c r a f t  d a t a .  L a n d s a t  1:1,000,000, 
1:500,000, and 1:250,000 scale,  black and white print  data costs '$3, $8, 
and  $15 respec t ive ly ;  co lor  composi te  pr in t  imagery  cos ts  approximate ly  
two and one half times more than  b lack  and whi te  da ta .  On t h e  o t h e r  
hand,  one 9 x 9 inch  (23  x 23  cm), 1:130,000 s c a l e ,  c o l o r  i n f r a r e d  
transparency from a NASA a i r c r a f t  m i s s i o n  c o s t s  $12.  The monetary 
o u t l a y  n e e d e d  t o  o b t a i n  t i m e l y ,  r e p e t i t i v e  a i r c r a f t  i m a g e r y  f o r  moni- 
t o r i n g  dynamic na tura l  resources ,  such  as wet lands,  would be  p roh ib i t i ve .  
Mul t i spec t r a l ,  nea r - r ea l  time Landsat imagery with i t s  low cos t  and "big 
17 
p ic tu re"  fo rma t ,  t he re fo re ,  can  be  a boon to  resource managers  who re- 
quire comprehensive cartographic and geographic data on the wetlands 
of  West Tennessee. 
BACKGROUND 
The use  of  Landsa t  da ta  to  s tudy  and  map c o a s t a l  and inland w e t -  
l ands  in  the  Un i t ed  S ta t e s  has  been  documented by a number o f  i nves t i -  
gators .  These researchers  have employed a v a r i e t y  o f  i n t e r p r e t a t i o n  
techniques,  such as t h e  image  enhancement  and d i g i t a l  p r o c e s s i n g  o f  
Landsat   data ,   for   wet lands  analysis .   Recent  work by Carter, McGinness, 
and Anderson, and Klemas i l l u s t r a t e s  t h e  u t i l i t y  of Landsat imagery f o r  
w e t  l ands  mapping . 
Carter e t  a l .  examined t h e  a p p l i c a t i o n s  of  Landsat  data  to  wet lands 
ana lys i s  a long  the  At lan t ic  Coas t  us ing  several image  enhancement  and 
mechanical   in terpretat ion  techniques.   These  researchers   found  that  
Landsat 1:1,000,000 scale band 5 and 7 d a t a  e n l a r g e d  t o  1:250,000 scale 
us ing  a Bausch and Loomb  Zoom Transfer  Scope p e r m i t t e d  t h e  p r a c t i c a l  
de l imi t a t ion  o f  l a rge  we t l and  areas. (Mention  of a spec i f i c  p roduc t  name 
does not imply endorsement by The University of Tennessee,  NASA, o r  t h e  
authors . )   Further   enlargement  of the   imagery   to . l :125 ,000   sca le   p ro-  
vided more spec i f ic  in format ion  than  could  be  acqui red  a t  1:250,000 
scale. An a d d i t i o n a l  manual i n t e rp re t a t ion  t echn ique  wh ich  u t i l i zed  a 
Diazo  co lo r  sub t r ac t ive  p rocedure  fo r  ana lys i s  of band 7 o r  c o l o r  com- 
pos i t e  Landsa t  da t a  y i e lded  we t l ands  f ea tu res  tha t  were e a s y  t o  map. 
Carter et a l .  a l s o  u t i l i z e d  d e n s i t y  s l i c i n g ,  a u t o m a t e d  theme e x t r a c t i o n ,  
and  d ig i ta l  p rocess ing  techniques  to  s tudy  wet lands .  These  in te rpre ta -  
t i o n  methods involve the use of sophisticated computer hardware and 
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software which e i ther  e l e c t r o n i c a l l y  g e n e r a t e  maps d i rec t ly  f rom Landsa t  
d a t a ,  o r  a c c e n t u a t e  swamplands t o  f a c i l i t a t e  t h e  v i s u a l  mapping of w e t -  
lands  from  the  imagery. Klemas and  h i s  co l l eagues  have  inves t iga t ed  the  
c a r t o g r a p h i c  r e l i a b i l i t y  o f  L a n d s a t  d a t a  f o r  mapping t h e  c o a s t a l  w e t l a n d  
resources  of  De1a~are . l~  Digi ta l ly  processed  Landsa t  imagery  w a s  u t i -  
l i z e d  t o  i n v e n t o r y  a n d  map t h e  swamplands. A computer  ana lys i s  ident i -  
f i ed  and  mapped e igh t  s e l ec t ed  ca t egor i e s  o f  we t l ands  vege ta t ion  wi th  
accuracies  ranging from 52 t o  100 percent  in  compar is ion  wi th  ground 
t r u t h   d a t a .   I n   a n o t h e r   s t u d y ,  Klemas found  tha t   the   au tomat ic  theme 
ex t r ac t ion  o f  Landsa t  CCT d a t a  y i e l d e d  a c c u r a c i e s  o f  o v e r  80 p e r c e n t  
f o r  t h e  w e t l a n d s  area t e s t e d  i n  r e l a t i o n  t o  a 1:133,000 scale map and a 
1:60,000 scale aer ia l  photograph  of  the  Delaware c o a s t .  
Resea rch  on  the  u t i l i za t ion  o f  Landsa t  da t a  fo r  i n l and  we t l and  
a n a l y s i s  can be exemplified by t h e  i n v e s t i g a t i o n s  o f  Carter and Smith, 
Frazier ,   Keifer ,   and  Krauskopf ,  Seevers e t  a l . ,  and Cartmill. Carter and 
Smi th  s tudied  the  appl ica t ions  of  Landsa t  imagery  for  wet lands  vege ta t ion  
mapping i n  t h e  Great D i s m a l  Swamp of  Vi rg in ia  and  Nor th  Caro l ina  and  the  
Big  Cypress Swamp of   southern F l ~ r i d a . ~  Landsa t  da ta  provided  s ingle  
f rame,  la rge  area coverage  of  the  Dismal Swamp a n d  a i d e d  i n  t h e  s e l e c t i o n  
o f  t es t  sites w i t h i n  t h e  Swamp. The imagery w a s  a l s o  u s e f u l  i n  t h e  c o l -  
l e c t i o n  of h y d r o l o g i c  d a t a ,  t h e  d e t e c t i o n  o f  swampland change character-  
i s t ics ,  and t h e  mapping  of  wetland  vegetation. Carter and  Smith a l so  
experimented with the automatic  theme extract ion of t h e  Great nismal 
Swamp from Landsat CCTs, a n d  t h e  u t i l i z a t i o n  of Landsat DCS information 
t o  f a c i l i t a t e  water management s t u d i e s  i n  s o u t h e r n  F l o r i d a .  
Frazier,  Kiefer,  and Krauskopf prepared a 1:500,000 scale wetlands 
map of  Wiscons in  f rom Landsa t  mul t i spec t ra l  da ta  u t i l i z ing  an  addi t ive  
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c o l o r  viewer (i. e. , image enhancement technique) as a medium f o r  i n t e r -  
p r e t a t i o n .  l4 These researchers '  mapped t h e  state's wet lands according 
t o  t h r e e  l a n d f o r m  classes: organic (muck/peat) ,  outwash and lacustrine,  
and  mixed ( inc luded  organic ,  ab la t ion  till ,  and l a c u s t r i n e ) .  
Cartographic  accuracies  of  91.70 percent ,  59.30 percent ,  and 56.90 per-  
c e n t  were ach ieved  fo r  each  o f  t he  th ree  classes re spec t ive ly .  
Ground t r u t h  d a t a  f o r  c o n t r o l  were obtained from topographic maps. 
In  another  s tudy,  Seevers  et a l .  used 1:250,000 s c a l e  p o s i t i v e  
pr int  enlargements  of  Landsat  band 5 and 7 d a t a  t o  map f o u r  c a t e g o r i e s  
o f  wetlands  in  Nebraska.15  Electronic  enhancement of band 6 imagery 
a l l o w e d   f u r t h e r   d i f f e r e n t i a t i o n   o f  swamplands. Seevers et a l .  found 
t h a t  it w a s  p o s s i b l e  t o  d e l i n e a t e  w e t l a n d s  o f  t e n  a c r e s  (4 .05  h e c t a r e s )  
o r  l a r g e r  i n  s i z e  on Landsat  data  with an accuracy of  85 percent ,  based 
on  informat ion  obta ined  f rom color  in f ra red  aer ia l  photography. 
Cartmill, i n  h i s  s t u d y  o f  swamplands in  the  Atcha fa lya  River bas in  
o f  Lou i s i ana ,  u t i l i zed  au tomated  da ta  ex t r ac t ion  t echn iques  to  de l inea te  
wetlands  from  Landsat CCTs." For t h e  swampland  and corresponding land 
u s e  c a t e g o r i e s  t e s t e d ,  t h i s  d i g i t a l  theme e x t r a c t i o n  p r o c e d u r e  c o r r e c t l y  
c l a s s i f i e d  77.5 percent  of  the Landsat  t ra ining samples  selected for  the 
inves t   i ga t   i on .  
These examples of c u r r e n t  r e s e a r c h  o n  w e t l a n d s  a n a l y s i s  i l l u s t r a t e  
that swamplands can  be  de tec ted  and mapped with accuracy from Landsat 
da t a .  None of   the   research   surveyed ,   however ,   re l ied   p r inc ipa l ly  on 
simple,  manual in te rpre ta t ion  techniques  for  de l imi t ing  wet lands  f rom 
Landsat imagery, o r  focused  on  an  ana lys i s  o f  swamplands i n  West 
Tennessee. Image enhancement  and d ig i ta l  p rocess ing  of  Landsa t  da ta  
r e q u i r e  e l e c t r o n i c  e q u i p m e n t  t h a t  is cos t ly  to  pu rchase  and  ope ra t e .  
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On the other  hand,  manual  techniques may r e q u i r e  more man-hours f o r  
i n t e r p r e t a t i o n ,  b u t  u t i l i z e  e q u i p m e n t  t h a t  is r e a d i l y  a v a i l a b l e  a t  a 
reasonable  cost  and is s i m p l e  t o  o p e r a t e  by a wide range of  users .  
Pe rhaps  the  g rea t e s t  drawback t o  u t i l i z i n g  s i m p l e ,  v i s u a l  i n t e r p r e -  
ta t iona l  techniques  for  measur ing  and  mapping wetlands from Landsat im- 
agery is the   ques t ion  of t h e i r  r e l i a b i l i t y .  T h i s  i n v e s t i g a t i o n ,  t h e r e -  
fo re ,  w i l l  no t  on ly  examine  the  u t i l i t y  and accuracy of Landsat imagery 
f o r  w e t l a n d s  a n a l y s i s  i n  West Tennessee,  but w i l l  a l so  demons t r a t e  t he  
a p p l i c a t i o n s  o f  manual i n t e r p r e t a t i o n a l  t e c h n i q u e s  f o r  t h e  s t u d y  o f  
swamplands from Landsat data. 
PROCEDURE: GENERAL DESCRIPTION 
The v e r i f i c a t i o n  p r o c e d u r e  d e v e l o p e d  f o r  t h i s  s t u d y  was p red ica t ed  
on  the  v i sua l  i n t e rp re t a t ion  and  measurement of mul t i spec t r a l /mu l t i -  
scaled  imagery. The wetlands of West Tennessee were i n i t i a l l y  mapped 
from multi-temporal, Landsat bands 4 ,  5 ,  6 ,  7 ,  and color composite 
1:1,000,000 scale imagery. One Landsat  image  date w a s  s e l e c t e d  as a 
d a t a  b a s e  f o r  t h e  v e r i f i c a t i o n  a n a l y s i s .  A geographic  coordinate 
system was then  used  to  eva lua te  the  p lan imet r ic  accuracy  of  the  imagery  
i n  r e l a t i o n  t o  N a t i o n a l  Map Accuracy  Standards.  Fourteen tes t  sites 
were s e l e c t e d  from the Landsat imagery as d a t a  c o n t r o l  c a l i b r a t i o n  p a r a -  
meters t o  assess the accuracy of  the imagery for  measuring and mapping 
w e t l a n d s  i n  West Tennessee. Low a l t i t u d e  c o l o r  i n f r a r e d  aer ia l  photo- 
graphy was u t i l i z e d  as ground t r u t h  i n  t h e  v e r i f i c a t i o n  t e s t i n g  p r o c e -  
dure.  The wetland areas wi th in  the  test si tes were measured f o r  compar- 
isons between the aerial photography and multi-scaled Landsat data.  
Percentages of  areal and l i n e a r  a c c u r a c y  were computed f o r  t h e  t o t a l  w e t -  
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land area measured within 
and the Landsat imagery. 
t h e  test sites from 
To f u r t h e r  test t h e  
imagery f o r  mapping and ana lyz ing  we t l ands  in  
t h e  aerial  photography 
accuracy of  the  Landsa t  
West Tennessee,  an overal l  
measurement of t h e  swamplands was performed and the resul ts  compared 
with measurements taken  f rom high  a l t i tude  aerial  photography of  the 
wetlands study area. 
CHAPTER I1 
WZTLANDS .MAPPING FROM “LTISPECTRAL/MUI,TISCALE 
LANDSAT IMAGERY 
A s  a pro logue  to  the  Landsa t  accuracy  tes t ing  procedures  deve loped  
f o r  t h i s  s t u d y ,  t h e  West Tennessee wetlands were mapped from multisea- 
sonal ,   mult ispectral   Landsat   imagery.   Landsat   bands 4 ,  5,, 6, 7 and 
co lor  in f ra red  composi te  1:1,000,000 scale imagery f o r  September  13,  1972 
(I.D. #1052-16055),  February  22,  1973 ( I . D .  #1214-16065),  and May 5, 1973 
( I . D .  #1286-16065) were used  to  dep ic t  t he  we t l ands  a t  low, median, and 
high water s tages  respec t ive ly  (F igures  3-5) .  
This mapping procedure w a s  performed p r i o r  t o  v e r i f i c a t i o n  t e s t i n g  
of  Landsat  for  several reasons:  1) t o  i n i t i a l l y  d i s c e r n  w h e t h e r  o r  n o t  
t h e  West Tennessee wetlands could be identified and mapped from the 
Landsat  imagery; 2 )  t o  fo rmula t e  a b a s i s  f o r  c l a s s i f i c a t i o n  o f  w e t l a n d s  
from t h e  sa te l l i t e  da ta ;  3) to  monitor  inter- image and intra- image vari- 
a t ions  in  we t l and  s igna tu res ;  and  4 )  t o  assess the  gene ra l  and  spec i f i c  
car tographic  problems tha t  would be encountered when mapping wetlands 
from Landsat. 
Identification of Wetlands from Landsat Imagery 
The f i r s t  p r i o r i t y  o f  t h e  s t u d y  w a s  t o  e s t a b l i s h  w h e t h e r  o r  n o t  
wetlands were i d e n t i f i a b l e  and mappable from t h e  m u l t i s p e c t r a l ,  m u l t i -  
seasonal  sa te l l i t e  imagery. An empir ica l  ana lys i s  of  the  Landsa t  da ta  
i l l u s t r a t e d  t h a t  t h e  w e t l a n d s  o f  t h e  Obion,  Forked Deer, and Hatchie 
Rivers, Reelfoot Lake, and the  Miss i ss ippi  Al luvia l  Val ley  lowlands  
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could be detected from multi-date Landsat bands 4 ,  5, 6, 7 ,  and color  
composite  imagery  (Figures 3-5).  The de l inea t ion   of   wet lands   f rom 
remotely sensed data depends upon s e v e r a l  cr i ter ia  t h a t  are e s s e n t i a l  
t o  t h e  i n t e r p r e t a t i o n  of any imagery: 
1) tone  - t he  d i s t ingu i shab le  va r i a t ions  in  shade  f rom b lack  
t o  w h i t e  
2 )  co lo r  - the  proper ty  of  an object which is  r e l a t e d  t o  t h e  
wavelength  of  the  l igh t  i t  r e f l e c t s  
3) t e x t u r e  - the  f requency of the  change  in  tone  and t h e  
arrangement  of  tones 
4 )  p a t t e r n  - t he  r egu la r i ty  and  cha rac t e r i s i t c  p l acemen t  o f  
tones  and  tex tures  
5) a s s o c i a t i o n  - the combination and arrangement of the 
o b j e c t ( s )  u n d e r  c o n s i d e r a t i o n  i n  r e f e r e n c e  t o  o t h e r  
r e l a t e d  f e a t u r e s  
6 )  s i t e  - t h e  l o c a t i o n  w i t h  r e s p e c t  t o  t e r r a i n  f e a t u r e s  o r  
o t h e r  o b j e c t s  
7 )  shape 
8) shadow 
9 )  s i z e  
10 )  r e s o l u t i o n  - the  degree of  sharpness  o r  c l a r i t y  o f  a n  image 
Tone and c o l o r  are the  pr imary  ind ic ies  used  to  ident i fy  wet lands  
from  the small scale mult ispectral ,   mult iseasonal   imagery.   Wetlands ex- 
h i b i t  a l i g h t  g r a y  t o  d a r k  g r a y  t o n a l  s i g n a t u r e  on black and white (R&W) 
v i s i b l e  l i g h t  b a n d s  4 and 5, whi le  they  d isp lay  a l i g h t  g r a y  t o  b l a c k  
tona l  s igna tu re  on  B&W i n f r a red  (IR) bands 6 and 7 .  The d i f f e r e n c e  i n  
s i g n a t u r e  between wetlands and non-wetlands results from the better 
water absorDtion and v e g e t a t i o n  d e t e c t i o n  c a p a b i l i t i e s  o f  t h e  i n f r a r e d  
s e n s o r s  i n  t h e  L a n d s a t  MSS. I n f r a r e d  r a d i a t i o n  is absorbed more effec- 
t i v e l y  by water than  are v i s i b l e  l i g h t  w a v e l e n g t h s ;  s i n c e  water i s  a 
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primary component  of w e t l a n d s ,  t h e  t o n a l  c o n t r a s t s  a t  t h e  swampland 
f r i n g e s  are more pronounced and easier t o  d e l i n e a t e  on t h e  I R  imagery 
than  on  Landsat  bands 4 and 5 d a t a .  Also, the  forested wet land vegeta-  
t i o n  s i g n a t u r e s  are more d i s t i n c t  o n  t h e  i n f r a r e d  b a n d s  t h a n  t h e y  are 
on t h e  v i s i b l e  l i g h t  band imagery. 
One important drawback of B&W imagery, e i t h e r  v i s i b l e  o r  i n f r a r e d ,  
is  t h a t  t h e  human eye  is n o t  p a r t i c u l a r l y  s e n s i t i v e  t o  d i s t i n g u i s h i n g  
between more than  approximately 8 shades  of   gray  values .”  The  dynamic 
a spec t  of  c o l o r ,  t h e r e f o r e ,  i s  of  utmost importance f o r  t h e  i d e n t i f i c a -  
t ion  of  d i scre te  wet land  var iab les  f rom Landsa t  da ta .  False co lo r  i n -  
f r a red  o r  co lo r  compos i t e  imagery is by f a r  t h e  b e s t  t y p e  of  imagery f o r  
v i s u a l l y  d e l i n e a t i n g  w e t l a n d s  i n  West Tennessee.  Color  enhances  the 
de tec tab i l i ty  of  wet lands  f rom the  imagery  because  c la r i ty  i s  increased  
and f ine  de t a i l s  can  be  d i s t ingu i shed .  Fo r  manual i n t e r p r e t a t i o n ,  it i s  
much easier t o  p e r c e i v e  d i f f e r e n c e s  i n  c o l o r  t h a n  c h a n g e s  i n  g r a y  v a l u e s .  
The color  range of we t l ands  ( i . e . ,  hue ,  va lue ,  and  chroma) as d i s -  
played by the  seasonal  co lor  composi te  data var ies  depending on the 
amount of water and fo l iage  condi t ions  present .  Because  of  the  inf ra red  
p r o p e r t i e s  of Landsat  color  composi te  data ,  green wet land vegetat ion 
appears  in  var ious  shades  o f  r e d ,  b a r e  s o i l  is  bluish-green, and water 
e x h i b i t s  a b l u e  t o  b l a c k  t o n a l  s i g n a t u r e .  The d i f f e r e n t i a t i o n  i n  
co lo r s ,  t he re fo re ,  pe rmi t s  easier d e t e c t i o n  and de l imi t a t ion  o f  we t l ands  
w i t h  g r e a t e r  d e t a i l  from color  composi te  imagery ,  par t icu lar ly  a t  t h e  
swampland i n t e r f a c e  w i t h  non-swamplands, i n  comparison with R&W imagery. 
Tex tu re ,  pa t t e rn ,  and  a s soc ia t ion  are a l s o  i m p o r t a n t  i n d i c i e s  f o r  
detecting  wetlands  from  Landsat  imagery.  Wetlands  can  visibly  be  sepa- 
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rated from non-wetlands on B&W scale imagery because of the smooth 
t e x t u r e  o f  t h e  swamplands. 
P a t t e r n ,  t h e  r e p e t i t i o n  o r  s p a t i a l  a r r a n g e m e n t  o f  i n t e r p r e t a t i o n a l  
t a r g e t s ,  is a n o t h e r  v i s u a l  g u i d e  f o r  t h e  i d e n t i f i c a t i o n  o f  w e t l a n d s .  
Swamplands a l o n g  t h e  Obion,  Forked Deer, and Hatchie Rivers d i s p l a y  a 
s inuous  pa t t e rn  on the imagery.  The repet i t ion or  arrangement  of  r iver-  
ine  wet lands  i s  a dominant c h a r a c t e r i s t i c  which can r e a d i l y  b e  d i s t i n -  
guished. 
Associated o r  re la ted  wet land  phenomena are a l s o  h e l p f u l  f o r  t h e  
v i s u a l  d e t e c t i o n  of wetlands  from small scale Landsat  imagery. Water i s  
the  p r imary  a s soc ia t ive  index  used  to  iden t i fy  swamplands, s i n c e  t h e  
presence of  water is d i r ec t ly  connec ted  wi th  the  ex i s t ence  o f  swamplands. 
The s i te  o r  l o c a t i o n o f  w e t l a n d s  i n  West Tennessee i s  a c o r r e l a t i v e  
c l u e  t o  t h e i r  d e t e c t i o n  a l o n g  w i t h  t e x t u r e ,  p a t t e r n ,  and a s s o c i a t i o n .  
Wetlands  occur in  topograph ic  lows ;  t he  Obion,  Forked Deer, and  Hatchie 
Rivers  and t h e  M i s s i s s i p p i  f l o o d p l a i n  are physiographic depressions which 
are capable   of   support ing  wet lands.   Specif ic   topographic   depressions,  
however, cannot be discerned on the imagery because Landsat data is 
small i n  scale and t e r r a i n  r e l i e f  i s  n o t  d i s t i n g u i s h a b l e .  
Shape and shadow are t h e  two components of image - i n t e r p r e t a t i o n  
which have the least  u t i l i t y  i n  d i s t i n g u i s h i n g  w e t l a n d s  from Landsat 
data.  Wetlands  conform t o  t h e  p h y s i o g r a p h y  o f  t h e  Obion,  Forked Deer, 
and Hatchie River cour ses ,  bu t  t hey  have  no  pa r t i cu la r  shape  in  the  
Miss i s s ipp i  Lowlands.  Agriculture  and  urban  encroachment  have made 
pa tchwork  of  the  wet lands ,  par t icu lar ly  a t  t h e  swampland f r i n g e s .  
S h a d m c r e a t e d  e i t h e r  by t e r r a i n  o r  c l o u d s  are a h indrance  to  wet lands  
c l a s s i f i c a t i o n  from  Landsat  imagery. A t  t h e  time t h e  imagery w a s  
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sensed, approximately 9:31 a.m. CST (15:31 GMT), . .  terrain shadows from 
obl ique  angles  of  the  morning  sun  were an  obs t ruc t ion  to  we t l ands  de t ec -  
t i o n ,  e s p e c i a l l y  i n  t h e  h e a v i l y  d i s s e c t e d  e a s t e r n  p o r t i o n  o f  t h e  s t u d y  
area. The  shadows ob l i t e r a t ed  de t a i l  and  p roduced  tona l  s igna tu res  
which were similar to  we t l ands .  
S i ze  and  r e so lu t ion  are t h e  most dynamic e lements  tha t  in f luence  
the interpretat ion of  wet lands from Landsat  data .  The s i z e  o f  t h e  w e t -  
l ands  v i s ib l e  on  the  imagery  is d i r e c t l y  a s s o c i a t e d  w i t h  t h e  scale of 
the  imagery  used.  Hence, i t  is more d i f f i c u l t  t o  i d e n t i f y  swamplands, 
pa r t i cu la r ly  minu te  pa rce l s  o f  we t l ands ,  a t  smaller scales than it is 
a t  l a r g e r  scales because the wet lands appear  smaller i n  s i z e .  
The minimum area tha t  can  be  de l imi ted  on  the  Landsa t  da ta  i s  a l s o  
a f f e c t e d  by t h e  r e s o l u t i o n  of t h e  imagery.  Resolution is an  extremely 
complex parameter of remote sensing, but it is gene ra l ly  de f ined  as t h e  
a b i l i t y  o f  a n  imaging  system (i .e.  l e n s ,  f i l t e r ,  d e t e c t o r ,  e m u l s i o n ,  
exposure ,  and  process ing)  to  record  de ta i l s  tha t  are d i s t ingu i shab le .  
The resolution of any remotely sensed imagery i s  d i r ec t ly  p ropor -  
t i o n a l  t o :  1) t h e  b r i g h t n e s s  o f  t h e  o b j e c t  t o  b e  r e s o l v e d  i n  c o n t r a s t  
with the background against  which it  is  imaged; 2 )  t h e  a s p e c t  r a t i o ,  
o r  r a t i o  o f  t h e  o b j e c t  l e n g t h  t o  t h e  o b j e c t  w i d t h ;  3)  t h e  o b j e c t ' s  
r egu la r i ty  o f  shape ;  4 )  t h e  number o f  ob jec t s  t ha t  compr i se  the  pa t t e rn  
t o  b e  r e s o l v e d ;  a n d  5) t h e  background uniformity against  which the 
o b j e c t ( s )  are imaged.  Furthermore,   the  resolution  of  any  remotely 
sensed  imagery is inve r se ly  p ropor t iona l  t o :  1) t h e  g r a i n i n e s s  of t h e  
f i lm;  2 )  t h e  amount of  image  motion i n  r e l a t i o n  t o  t h e  f i l m  a t  t h e  
i n s t a n t  of exposure;  and 3) t h e  amount of atmospheric haze between the 
camera l ens  o r  s enso r  sys t em and  the  ob jec t .  18 
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The c l a r i t y  of d e t a i l  o r  o b j e c t  d e t e c t a b i l i t y  of Landsat data 
though, depends on acutance or edge sharpness as well as r e s o l u t i o n .  
Since the Landsat-MSS is no t  a photographic  sensor ,  bu t  an  e lec t ro-  
op t ica l  sys tem,  it is t h e  c o n t r a s t  i n  i l l u m i n a t i o n  o r  t h e  a b i l i t y  t o  
show a sharp  edge  be tween objec ts  tha t  in f luences  the  de tec tab i l i ty  of  
wetlands  from  Landsat  imagery. A t  1:1,000,000 scale, the   acu tance   o f  
wetlands on the imagery is  exce l len t  and  the  edge  sharpness  i s  enhanced 
by the  con t r a s t  i n  t ona l  s igna tu res  be tween  we t l ands  and non-wetlands, 
p a r t i c u l a r l y  on  the  color  composite  imagery. The minimum wetland 
p a r c e l  s i z e  t h a t  c a n  b e  d i s c e r n e d  from the imagery, however, i s  r e l a t e d  
t o  t h e  edge sharpness,  resolution, and scale of  the  imagery. 
Although wetland parcels may have  the  same c o n t r a s t  a t t r i b u t e s  as l a r g e r  
tracts of swamplands wi th in  the  s tudy  area, t h e  small scale of  the  imag- 
e ry  a long  wi th  the  r e so lu t ion  p rope r t i e s  of  t h e  MSS system limit t h e  
d e t e c t i o n  of small wetland parcels from 1:1,000,000 scale Landsat  data .  
The i n t e r r e l a t i o n s h i p  o f  w e t l a n d s  d e t e c t a b i l i t y  and measurabili ty with 
r e s o l u t i o n  and s i z e  w i l l  be  exp la ined  in  the  d i scuss ion  of the Landsat  
ver i f ica t ion  procedures  tha t  have  been  developed  for  th i s  s tudy .  
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C l a s s i f i c a t i o n  of Wetlands from Landsat Imagery 
A s  demonstrated by i n i t i a l   e x a m i n a t i o n s   o f  1 : 1,000,000 scale 
satel l i te  da ta ,  the  wet lands  of  West Tennessee are photomorphic fea- 
t u re s  tha t  can  be  de t ec t ed  f rom small scale Landsat imagery. The map- 
ping of  wet lands from the data ,  however ,  requires  more comprehensive 
in fo rma t ion  than  ju s t  t he  iden t i f i ca t ion  o f  we t l ands  f rom Landsa t .  
I n  o r d e r  t o  map wetlands from the imagery, a w e t l a n d s  d e f i n i t i o n  o r  
c l a s s i f i c a t i o n  scheme  must be  deve loped  tha t  su i t s  the  user ' s  needs  and  
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is compat ib le  wi th  the  mul t i spec t ra l ,  1 :1 ,000 ,000  scale Landsat  data .  
Herein l ies t h e  most c o n t r o v e r s i a l  a s p e c t  o f  swamplands mapping from 
remotely sensed data .  What c o n s t i t u t e s  a wetiand  and  what criteria 
shou ld  be  used  fo r  c l a s s i fbca t ion?  
It has  been  s ta ted  tha t :  
There is n o  s i n g l e ,  c o r r e c t ,  i n d i s p u t a b l e ,  e c o l o g i c a l l y  
sound d e f i n i t i o n  f o r  w e t l a n d  b e c a u s e  t h e  g r a d a t i o n  be- 
tween t o t a l l y  d r y  and t o t a l l y  w e t  environments is con- 
tinuous.  Moreover, no two people view t h e  i d e n t i t y  o f  
a n y  o b j e c t  i n  t h e  same fashion.   For   these  reasons,   and 
because  the  reasons  for  def in ing  wet land  ary ,  a g rea t  
p r o l i f e r a t i o n  o f  d e f i n i t i o n s  h a s  a r i s e n .  2 8  
The common denominator of a l l  t he  we t l ands  de f in i t i ons  is t h e  t e m -  
poral   presence  of   soi l   moisture   in   varying  amounts .  The conceptual 
framework of any wetlands definit ion,  therefore,  should embrace the 
r e l a t ionsh ip  o f  water wi th  so i l ,  vege ta t ive ,  and  topograph ic  f ea tu res .  
The main d i s p a r i t y  among d e f i n i t i o n s  i s  n o t  t h e  q u e s t i o n  of water, bu t  
the  ques t ion  of  how t o  c a t e g o r i z e  a n d  d e l i m i t  a wet land according to  the 
a s s o c i a t e d  c h a r a c t e r i s t i c s  t h a t  are a product of excess s o i l  moisture .  
The br ie f  survey  of  wet lands  def in i t ions  which  fo l lows  i l lus t ra tes  the  
a p p l i c a b i l i t y  of s e v e r a l  swampland c l a s s i f i c a t i o n  schemes f o r  mapping 
the  wet lands  of  West Tennessee from Landsat data. 
Wetlands Defini t ions 
1. U. S. Soi l   Conservat ion  Service 
I n  1975, a n  i n t e r d i s c i p l i n a r y  c o m m i t t e e  o f  r e s o u r c e  s p e c i a l i s t s  
from t h e  U. S. Soi l  Conservat ion Service (SCS) adopted a wet lands  def i -  
n i t i on  fo r  u se  in  Tennessee  tha t  w a s  based on s o i l  m o i s t u r e  and vegeta- 
t i on  cond i t ions .  A wetlands matrix w a s  a l so  deve loped  to  assist i n  t h e  
I .  
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c l a s s i f i c a t i o n  o f  swamplands as dynamic,  temporal ,  physical  features .  
The SCS recommended tha t  the  Tennessee  S ta te  P lanning  Off ice ,  Natura l  
Resources  P lann ing  Sec t ion  use  the  de fh i t i on  fo r  any  we t l and  p l ann ing  
ac t iv i t ies  w i t h i n  t h e  state. Under t h e  SCS d e f i n i t i o n  a n  area may be  
c l a s s i f i e d  as a we t l and  i f  t he  fo l lowing  cond i t ions  are s a t i s f i e d :  
1. 
2. 
3 .  
Moisture Conditioris 
a. So i l s  wh ich  have  so i l  d ra inage  c l a s ses  of very poorly 
dra ined ,  poor ly  dra ined ,  and some areas of somewhat 
poor ly  d ra ined  o r  if s o i l s  d a t a  are no t  ava i l ab le ,  
s o i l s  h a v i n g  water t a b l e s  which are w i t h i n  1 . 5  f e e t  
( 4 6  cm) o f  t h e  s u r f a c e  f o r  s i x  (6) months o r  more i n  
most y e a r s ,  o r  - 
b.  A r e  permanent ly ,   t emporar i ly ,   o r   in te rmi t ten t ly  
covered with water, o r  -
c. Water on t h e  s u r f a c e  o f  a durat ion long enough to  
sus t a in  hydr i c  vege ta t ion .  
Vegetat ion 
a. Hydr i c   vege ta t ion   ex i s t s   ( i . e . ,   vege ta t ion   t ha t  
t h r i v e s  on inc reased  o r  excess ive  so i l  mo i s tu re  
condi t ions)  . 
Size  
a. Contiguous area t h a t  is  2.5 acres (1 h e c t a r e )  o r  more 
i n   s i z e .  2 1  
The wetlands matrix that has been developed augments the SCS 
swamplands d e f i n i t i o n .  The mat r ix  c lass i f ied  wet lands  on  the  bas i s  
of a temporal water reg imen,  vege ta t ion ,  and  so i l  mois ture  index  sys tem.  
Wetlands are d e f i n e d  i n  t h e  m a t r i x  a c c o r d i n g  t o  t h e  t y p e  of vege ta t ion  
and s o i l s  t h a t  e x i s t  w i t h i n  two broad water regimen c l a s s i f i e d  as sur -  
face  and  in te rna l  water. The s u r f a c e  water regime is subdiv ided  in to  a 
12 month  and  two 6 month s tanding  water c a t e g o r i e s .  The second 6 month 
du ra t ion  is a t r a n s i t i o n a l  time pe r iod  o f  s t and ing  su r face  water which 
t r a n s g r e s s e s  i n t o  t h e  i n t e r n a l  water regimen. The i n t e r n a l  water regime 
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is a l s o  d i v i d e d  i n t o  3 subca tegor ies :  1) poor ly  dra ined ,  h igh  water 
t a b l e ;  2 )  w e l l  drained;  and 3 )  excess ive ly  w e l l  d ra ined .  
Addi t iona l ly ,  soil mois ture  coef f ic ien ts  have  been  in te r faced  wi th  the  
su r face  and i n t e r n a l  water subca tegor ies .  The range  of  wetlands  types 
extends from areas of  s tanding  water i n  e x c e s s  o f  1 2  months wi th  sub- 
merged,  rooted vegetat ion to  poorly drained areas wi th  a h igh  water 
t a b l e  t h a t  s u p p o r t  swamp (shrub) ,  marsh,  cypress ,  or  hardwood vegeta- 
t ion  and  have  surp lus  mois ture  condi t ions .  
Although the SCS d e f i n i t i o n  and mat r ix  provide  an  acceptab le  w e t -  
l a n d  c l a s s i f i c a t i o n  scheme f o r  most ground l e v e l  o r  low t o  medium a l t i -  
tude surveys,  an inventory of  swamplands via Landsat imagery would be 
d i f f i c u l t  u s i n g  t h i s  s y s t e m .  It is no t  an  optimum, e f f i c i e n t  c l a s s i f i -  
ca t ion  sys tem for  use  wi th  v isua l ly  in te rpre ted  Landsa t  da ta  because  it 
requ i r e s  de t a i l ed ,  t empora l  vege ta t ion ,  water, and s o i l  i n f o r m a t i o n  t o  
b e  e f f e c t i v e .  
2. USGS/TVA 
The U. S. Geological  Survey (USGS) and the  Tennessee  Valley 
Author i ty  (TVA) have also developed a we t l ands  c l a s s i f i ca t ion  sys t em 
f o r  u s e  i n  a coopera t ive  West Tennessee swamplands mapping p r o j e c t .  
The  swampland c l a s s i f i c a t i o n  scheme is based on vegetation and frequency 
and du ra t ion  of  inundation. High a l t i t u d e  c o l o r  i n f r a r e d  imagery i s  
u t i l i z e d  as the  p r imary  da ta  co l l ec t ion  source .  The USGS and TVA have 
def ined  wet lands  accord ing  to  two fores ted  wet land  classes and four 
non-forested wetland classes. These  broad swampland classes have  been 
d i v i d e d  i n t o  1 2  subc lasses ;  5 forested wet lands and 7 non-forested w e t -  
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l ands .  The USGS/TVA wetland classes and subc la s ses  are outlined  below: 
I. Forested  Wetlands (FW) 
A. Bottomland  Hardwoods (FW-1) 
1. Upper  Bottomland Hardwood  (FW-la) 
2 .  Lower Bottomland Hardwood (FFJ-lb) 
B . Swamp  (FW-2) 
1. Fores ted  Swamp  (FW-2a) 
2.  Shrub Swamp  (FW-2b) 
3 .  Dead Woody  Swamp  (FW-2c) 
11. Non-forested  Wetlands (M) 
A .  
B. 
C.  
D.  
Marsh ("1) 
1. Wet Meadow (M-la) 
2.  Emergent  Marsh (M-lb) 
3.   Seasonally Emergent  Marsh (M-lc) 
Seasonally Dewatered Flats ("2) 
1. Seasonally  Dewatered  Flats  Vegetated (M-2a) 
2.  Seasonally  Dewatered  Flats  Non-vegetated (M-2b) 
Agr icu l ture  Subjec t  to  F looding  ("3) 
Open Water (("1) 
1. Vegetated Open Water ( OW-la) 
2.  Non-vegetated Open Water (CN-lb) 
The USGS/TVA w e t l a n d s  d e f i n i t i o n  a l s o  g i v e s  more s p e c i f i c  v e g e t a t i o n  
and  hydro logic  charac te r i s t ics  wi th  each  class and subclass;  e .g . ,  
"Bottomland Hardwood  (FW-1): Wetland  dominated  by  mixed  hardwood  species 
and  f looded  annual ly  dur ing  win ter  or  ear ly  spr ing .  F looding  may be 
b r i e f  o r  for long  per iods .  The ground is usua l ly  exposed  in  summer and 
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f a l l  a l t h o u g h  s o i l  may b e  s a t u r a t e d  o r  c o v e r e d  l o c a l l y  w i t h  a few inches 
o f  su r face  water. 118 
The w e t l a n d s  c l a s s i f i c a t i o n  scheme prepared by t h e  USGS/TVA coopera- 
t ive  e f f o r t  h a s  b e e n  u t i l i z e d  to map fou r  tes t  sites i n  West Tennessee 
f r o m  h i g h  a l t i t u d e  (1:130,000 scale) a i rc raf t  photography.  The wetlands 
have been wpped a t  a 1:24,000 map scale t o   f a c i l i t a t e   t h e  mapping of 
small we t l and  t r ac t s  and  to  co r re l a t e  t he  we t l and  c l a s ses  wi th  1 :24 ,000  
scale USGS topographic  maps. The r e s u l t s  o f  t h e  w e t l a n d s  c l a s s i f i c a t i o n  
and mapping p r o j e c t  i n d i c a t e  t h a t  t h e  aerial photography provides  de ta i l  
t o  map wetlands as small as 1.06 a c r e s  ( . 4 3  h e c t a r e s )  i n  s i z e  and 65.6 
fee t  (20  meters )  in  wid th .  8 
The USGS/TVA swamplands c l a s s i f i c a t i o n  s y s t e m ,  u n l i k e  t h e  SCS d e f i -  
n i t i o n ,  is des igned  to  ob ta in  the  optimum blend of  interpretable  and 
mappable swampland information from the pr imary data  source;  that  is t h e  
h i g h  a l t i t u d e  c o l o r  i n f r a r e d  a i r c r a f t  p h o t o g r a p h y .  The USGS/TVA wetlands 
c l a s s i f i c a t i o n  s y s t e m  i n  i ts  e n t i r e  form, however, is  n o t  a p p l i c a b l e  f o r  
mapping wet lands  f rom  Landsat   data   for   several   reasons:  1) the   system is 
des igned  for  use  wi th  a h i g h  a l t i t u d e  aer ia l  photographic information 
base;  2 )  t h e  d a t a  co l l ec t ion  p rocedure  r equ i r e s  tha t  we t l and  c l a s s  and  
s u b c l a s s  i n f o r m a t i o n  p r o v i d e  s u f f i c i e n t  d e t a i l  f o r  mapping at 1:24,000 
sca le ;   and  3) t he   c l a s s i f i ca t ion   sys t em  r equ i r e s   spec i f i c ,   t empora l  
da ta  on  vegeta t ion  and frequency and du ra t ion  o f  i nunda t ions  to  be  fu l ly  
ope ra t iona l .  Po in t s  1 and 2 l i m i t  t h e  u t i l i t y  o f  t h e  USGS/TVA c l a s s i f i -  
ca t ion  sys tem for  swampland i d e n t i f i c a t i o n  and mapping from Landsat 
data.   Since  Landsar is  recorded a t  a very small scale, t h e  d e l i n e a t i o n  
o f  t he  USGS/TVA wetland classes and subclasses developed for 1:24,000 
s c a l e  mapping would b e  r e s t r i c t e d  f r o m  t h e  satel l i te  imagery, even with 
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the a id  o f  image  enhancement, scale enlargement,  and mechanical inter- 
p re t a t   i on   t echn iques .  
Another drawback t o  u s i n g  t h e  USGS/TVA sys tem for  wet lands  mapping 
from Landsat imagery is the  need  for  tempora l  vege ta t ion  and  hydro logic  
d a t a  t o  s u p p o r t  t h e  c l a s s i f i c a t i o n  scheme. A t  t h e  scale of  Landsa t ,  the  
6 p r i m a r y  w e t l a n d  c l a s s e s  i n  t h e  USGS/TVA system are baoad enough to  be  
u s e f u l  f o r  w e t l a n d s  mapp ing ,  bu t  t he  f eas ib i l i t y  of ob ta in ing  the  add i -  
t i o n a l  d a t a  t o  s u p p o r t  t h e  f o r e s t e d  and non-forested swampland classes 
on a c o n t i n u a l  b a s i s  i s  quest ionable .   Also,  a s l igh t ,   g radual   change  i n  
the  wet lands  water regime and vegetational composition may have a sub- 
s t a n t i a l  i m p a c t  o n  t h e  i n t e r p r e t a b i l i t y  of t he  we t l ands  classes from 
Landsat data.  The swampland continuum  between  permanently w e t  and dry 
i s  so dynamic t h a t  i t  would be d i f f i c u l t  t o  u s e  t h e  USGS/TVA c l a s s i f i c a -  
t i o n  s y s t e m  f o r  mapping wetlands from Landsat data. 
Although the SCS and USGS/TVA we t l ands  de f in i t i ons  and  c l a s s i f i ca -  
t ion  sys tems have  been  des igned  for  appl ica t ion  i n  West Tennessee, they 
are n o t  t h e  most e f f ec t ive  c l a s s i f i ca t ion  sys t ems  fo r  u se  wi th  Landsa t  
imagery.  The SCS and USGS/TVA systems are too d e t a i l e d  . f o r  mapping a t  
t h e  scale of the  Landsa t  da t a  and requi re  spec i f ic ,  t empora l ,  cor rabora-  
t i ve  i n f o r m a t i o n  t o  b e  f u l l y  o p e r a t i o n a l .  A wet lands  def in i t ion  and  
c lass i f ica t ion  tha t  can  be  appl ied  to  Landsa t  imagery  must be broad i n  
scope. The small scale of t h e  imgery must be taken into consideration 
when adopt ing  a w e t l a n d s  c l a s s i f i c a t i o n  s y s t e m ;  i f  more d e t a i l e d  i n f o r -  
mation is requ i r ed  to  sa t i s fy  the  use r s  needs ,  t he  da t a  shou ld  be  col-  
lec ted  f rom an alternate da ta  source .  
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3 .  U. S. Fish  and  Wild l i fe  Serv ice  
The U. S .  Fish  and  Wild l i fe  Serv ice  (FWS) , Office of  Biological  
Serv ices  has  prepared  a w e t l a n d s  d e f i n i t i o n  t h a t  i s  broad enough t o  
b e  u s e f u l  f o r  mapping .wetlands from Landsat imagery. The d e f i n i t i o n  
is p a r t  o f  a comprehens ive  c lass i f ica t ion  program des igned  for  use  in  
the  Nat ional   Wetlands  Inventory.  The FWS def ines   wet lands  as 'I. . . 
land where the w a t e r  t a b l e  i s  a t ,  n e a r  o r  a b o v e  t h e  l a n d  s u r f a c e  l o n g  
enough each year  to  promote the formation of  hydric  soi ls  and to  sup-  
p o r t  t h e  growth of hydrophytes, as long as other environmental  condi- 
t i o n s  are favorable  . . . Wetlands lacking vegetat ion and hydric  soi ls  
can be recognized by the  p re sence  o f  su r face  water a t  sometime dur ing  
the  yea r .  and t h e i r  l o c a t i o n  w i t h i n ,  o r  a d j a c e n t  t o  v e g e t a t e d  w e t l a n d s  
o r  a q u a t i c  h a b i t a t s .  ,120 
The FMS d e f i n i t i o n  i s  similar t o  t h e  d e f i n i t i o n  u s e d  by t h e  SCS, 
bu t  r equ i r e s  less s p e c i f i c  soils data  and has  no r e s t r i c t i o n s  on s i z e .  
I n  t h e  FWS d e f i n i t i o n  two bas ic  e lements  must  be  present  for  an  area t o  
b e  c l a s s i f i e d  as a wetland; 1) hydrophyt ic  vege ta t ion  ( i . e . ,  vege ta t ion  
types capable of growing i n  s o i l  t h a t  is a t  least p e r i o d i c a l l y  d e f i c i e n t  
i n  oxygen as a r e s u l t  o f  e x c e s s i v e  water c o n t e n t ) ,  and 2 )  d e t e c t a b l e  
su r face  water. Wetland vegetat ion,  whether  woody o r  a q u a t i c ,  i s  i d e n t i -  
f i a b l e  on the  Landsa t  imagery  s ince  wet lands  vege ta t ion  exhib i t s  a unique 
tona l  s igna tu re ;  s t and ing  water i s  a l s o  d e t e c t a b l e  f r o m ' l a n d s a t .  
The Inter im National  Wetlands Classif icat ion System that  accompanies  
the  FWS we t l ands  de f in i t i on  i s  comprehens ive  and  inc ludes  the  en t i re  
spec t rum of  wet land  ecosys tems f rom genera l  to  spec i f ic .  The FWS class- 
i f i c a t i o n  s y s t e m  is h i e r a r c h i c a l l y  a r r a n g e d  as fol lows:  20 
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I. Provinces  (e. g. Californian Province,   Carol inian  Province)  
A. Ecological  Systems (i.e. , River ine ,   Lacus t r ine ,   Mar ine  , 
Estuar ine ,  and  Pa lus t r ine)  
1. Ecological  Subsystems  (e.g.  Riverine  System - high  
and low gradient  reach,  and t i d a l  r e a c h )  
a. Habi ta t  class (e.g.  Forested,  Shrub  Emergent 
Wetlands) 
1. Habitat   Subclass  
aa. Orders 
la.  Habitat  ype  (formed by adding 
m o d i f i e r s  f o r  water regime and 
water chemistry t o  t h e  o r d e r ) .  
The design of  the FWS sys t em pe rmi t s  we t l ands  to  be  c l a s s i f i ed  
u n i f o r m l y  f o r  t h e  e n t i r e  U.  S.  a t  mul t i sca led  levels. Wetlands  can 
sys t ema t i ca l ly  be  c l a s s i f i ed  from Landsat data depending on the type 
of swampland f e a t u r e s  t h a t  are de tec tab le  on  the  imagery .  The  F W S  
sys t em does  no t  conf ine  i t s e l f  i n  s cope ,  bu t  i t  is r e s t r i c t e d  o n l y  by 
t h e  i n t e r p r e t a t i v e  limits of the  da t a  sou rce  used .  
The FWS c l a s s i f i c a t i o n  scheme,  however, i s  an  in t e r im  sys t em tha t  
i s  s u b j e c t  t o  f i e l d  e v a l u a t i o n  and r e v i s i o n .  Also, a t  t h e  s c a l e  o f  t h e  
Landsat  imagery (1:1,000,000) used i n  t h e  s t u d y ,  t h e  FWS c l a s s i f i c a t i o n  
i s  app l i cab le  on ly  a t  the broadest  levels .  Wetlands are d i s t inc t  pho to -  
morphic  features  that  can be detected on the small scale imagery, but it 
is d o u b t f u l  t h a t  swampland h a b i t a t  t y p e s  o t h e r  t h a n  f o r e s t e d  w e t l a n d s  i n  
t h e  FWS system can visual ly  be discr iminated on the imagery.  Although the 
FWS sys tem can  be  used  to  c lass i fy  wet lands  f rom small sca l e  Landsa t  da t a ,  
I 
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the  Nat iona l  Wet lands  Inventory  in tends  to  employ t h e  s y s t e m  i n  mapping 
swamplands f o r  t h e  e n t i r e  U. S. a t  1:250,000 scale o r  l a r g e r ;  h e n c e ,  
t h e  optimum level o f  o p e r a t i o n  f o r  t h e  s y s t e m  is a t  scales much l a r g e r  
than  1:1,000,000. 
4 .  The USGS Land Use and Land Cover C l a s s i f i c a t i o n  System 
O f  t h e  t h r e e  w e t l a n d s  c l a s s i f i c a t i o n  schemes discussed so f a r ,  t h e  
FWS system is t h e  b e s t  s u i t e d  f o r  mapping swamplands from Landsat 
imagery.  The FWS w e t l a n d s  d e f i n i t i o n  is broad  enough t o  b e  u t i l i z e d  
with Landsat  data ,  and t h e  v e r s a t i l i t y  o f  t h e  FWS c l a s s i f i c a t i o n  s y s t e m  
a l lows  fo r  t he  d i sc r imina t ion  of wetland ecosystems a t  var ious  scales. 
For the mapping of West Tennessee wet lands from visual ly  interpreted 
Landsat  imagery i n  t h i s  s t u d y ,  however, t h e  most func t iona l  classifica- 
t i o n  scheme is the system prepared 
o f  t he  USGS. The USGS system is a 
c l a s s i f i c a t i o n  s y s t e m  f o r  u s e  w i t h  
by  Anderson,  Hardy,  Roach,  and Witmer 
multi- level land use and land cover 
remote  sensor  data.22 The system 
has been developed to meet the  needs  o f  f ede ra l ,  s tate,  and local  agen-  
cies f o r  a broad  overv iew of  na t iona l  land  use  and  land  cover  pa t te rns  
and t rends.  Level  I c a t e g o r i e s  are des igned  fo r  u se  wi th  1:1,000,000 
t o  1:250,000 scale Landsat imagery; Level I1 c a t e g o r i e s  are used with 
1:250,000 to  1 :24 ,000  scale imagery interfaced with topographic  maps. 
Land U 6 e  c l a s s i f i c a t i o n  L e v e l s  111 and IV are u t i l i z e d  w i t h  medium a l t i -  
tude (1:80,000 to  1 :20 ,000  sca le )  and  low a l t i tude  ( la rger  than  
1:20,000 scale) imagery. The system is  n o t  r e s t r i c t e d  t o  scale, how- 
ever,  and Level 11, 111, and IV ca tegor ies  can  be  mapped from Landsat 
d a t a  i f  t h e y  are discernable  on  the  imagery.  Conversely,  Level I cate- 
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g o r i e s  c a n  b e  mapped from large scale aerial  photography i f  a genera l  
l a n d  u s e  c l a s s i f i c a t i o n  i s  des i r ed .  
Wetlands are c l a s s i f i e d  as a Level I Eand use and land cover cate- 
gory i n  t h e  USGS system. The def in i t ion  of  wet lands  i s  similar t o  t h e  
one used i n  t h e  FWS system; generally, "Wetlands are those  areas where 
t h e  water t a b l e  i s  a t ,  nea r -  o r  above ,  t he  l and  su r face  fo r  a s i g n i f i -  
can t  pa r t  o f  most  years. The hydrologic  regime i s  s u c h  t h a t  a q u a t i c  o r  
hydrophyt ic  vege ta t ion  usua l ly  is e s t a b l i s h e d ,  a l t h o u g h  a l l u v i a l  and 
t i d a l   f l a t s  may be  nonvegetated.  The USGS Land Use System a l s o  
e s t a b l i s h e s  t h a t  v e g e t a t i o n  and d e t e c t a b l e  s u r f a c e  water o r   s o i l  mois- 
t u r e  are t h e  most a p p r o p r i a t e  means f o r  i d e n t i f y i n g  w e t l a n d s  and wetland 
boundaries  from  Landsat  imagery. Level I we t l ands ,   t he re fo re ,   can   be  
ident i f ied and del imited from Landsat  data  with l i t t l e  o r  no supplemen- 
t a l  information. 
A t  Level 11, wetlands are subdivided into forested and non-forested 
ca t egor i e s .  The Level I1 wet l and  ca t egor i e s ,  i f  de t ec t ab le  on  the  imag- 
e ry ,  are c l a s s i f i e d  a c c o r d i n g  t o  t h e  dominant vege ta t ion  o r  l ack  o f  
vege ta t ion  present .  Fores ted  wet lands  are dominated by  woody vege ta t ion  
and include seasonally flooded bottomland hardwoods, shrub swamps, and 
wooded  swamps. Non-forested  wetlands are dominated by herbaceous 
swampland vege ta t ion   o r  are non-vegetated.  Wetlands as  detected  from 
t h e  1:1,000,000 scale L a n d s a t  d a t a  i n  t h i s  s t u d y  are b e s t  c l a s s i f i e d  a t  
Level I, s ince non-forested wet lands cannot  effect ively be discr iminated 
from forested wet lands using visual  techniques.  
For mapping wetlands i n  West Tennessee from Landsat data,  the USGS 
system provides a func t iona l  gu ide l ine  fo r  we t l ands  de f in i t i on  and  
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c l a s s i f i c a t i o n .  The  system is easy  to  use ,  does  no t  a t t empt  to  ex t r ac t  
in format ion  tha t  i s  beyond t h e  limits of  the  da ta  source ,  and  g ives  
u n i f o r m  r e s u l t s  t h a t  can be  in t eg ra t ed  wi th  a na t iona l  l and  use  and land  
c o v e r  ' c l a s s i f i c a t i o n  p r o j e c t  . Hence, t h e  USGS system a t  Level I is t h e  
optimum c l a s s i f i c a t i o n  scheme t h a t  c a n  b e . u s e d  t o  v i s u a l l y  map t h e  w e t -  
l ands  a f  West Tennessee from 1:1,000,000 scale Landsat  data .  
Monitoring Inter-image and Intra-image Wetland Dynamics 
from Multispectral/Multiseasonal Landsat Imagery 
The USGS Land Use and Land Cover C l a s s i f i c a t i o n  System w a s  used t o  
map the  wet lands  of  West Tennessee from three dates of multiband Landsat 
imagery  (Appendix A ,  Maps 3-17). A s  i nd ica t ed  by t h e  maps of t h e  
September, February, and May imagery ,  the  wet lands  change  s igni f icant ly  
i n  s i z e  a n d  i n  s t a n d i n g  water content  f rom season to  season.  
The  September 13, 1972 image maps 3-7 i n  Appendix A dep ic t  t he  we t l ands  
a t  t h e  f o l i a t e d ,  l o w  water s t age .  The wetlands were mapped pr imar i ly  on  
t h e  b a s i s  o f  v e g e t a t i o n  t o n a l  s i g n a t u r e s ,  s i n c e  s t a n d i n g  water w a s  mini- 
mal a t  t h e  time t h e  imagery w a s  sensed (Figure 3 ) .  Maps 8-12 i n  Appendix 
A i l l u s t r a t e  t h e  w e t l a n d s  as in te rpre ted  f rom the  February  2 2 ,  1973 mul- 
t iband  Landsat   data   (Figure 4 ) .  T h i s  d a t e  r e p r e s e n t s  t h e  w e t l a n d s  i n  
mid-winter when vege ta t ion  is dormant and s u r f a c e  water is d e t e c t a b l e  
throughout  the  swamplands. L a s t l y ,  t h e  May 5, 1973  image maps 13-17 i n  
Appendix A i l l u s t r a t e  how the  wet lands  were in t e rp re t ed  f rom the  mul t i -  
spectral  Landsat  imagery (Figure 5) a t  t h e  e a r l y  f o l i a t e d ,  s p r i n g  f l o o d  
s t age .  A t  t h e  time t h e  imagery w a s  s ensed ,  s t r eamf low in  the  
Mississ ippi-Missouri  River bas ins  reached  the  h ighes t  f lood  levels s i n c e  
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1844 i n  some loca t ions ,  and  much o f  t he  Miss i s s ipp i ,  Obion,  Forked 
Deer, and Hatchie River lowlands were inundated. 
A s  t h e  maps o f  t he  mul t i spec t r a l  imagery  i l l u s t r a t e ,  Landsa t  is an  
e x c e l l e n t  medium fo r  de t ec t ing  seasona l  we t l and  dynamics  in  West 
Tennessee. The monitoring  of  inter-image,  temporal  changes,  however, 
w a s  no t  t he  on ly  r eason  fo r  mapping  swamplands  from  Landsat. Of consid- 
e rab le  impor tance  to  the  Landsa t  mapping procedure w a s  t h e  s t u d y  o f  t h e  
intra- image wet land changes that  took place as a r e s u l t  o f  t h e  d i f f e r e n t  
s p e c t r a l  c h a r a c t e r i s t i c s  o f  e a c h  band w i t h i n  t h e  same image.  The  Landsat 
maps show t h a t  t h e  i n t e r p r e t a b i l i t y  o f  w e t l a n d s  d i f f e r s  f r o m  band t o  band 
f o r  t h e  t h r e e  d a t e s  o f  imagery  used i n  t h e  s t u d y .  The B&W i n f r a r e d  
bands ,  because  of  the i r  spec t ra l  charac te r i s t ics  which  accentua te  water 
and areas of inc reased  so i l  mo i s tu re ,  exh ib i t  a grea ter  cont ras t  be tween 
wetland and non-wetland tonal signatures i n  comparison with the B&W 
v i s i b l e  l i g h t  band  imagery. The b e t t e r  mapping p r o p e r t i e s  of t h e  i n -  
f r a r e d  imagery are subs t an t i a t ed  by t h e  amount of w e t l a n d s  d e t a i l  t h a t  
was mapped from bands 6 and 8 of the September, February, and May Landsat 
imagery. 
The  optimum Landsat imagery for mapping wetlands, however, i s  t h e  
co lor  composi te  da ta .  Color  var ia t ions  are more eas i ty  de t ec t ed  than  
are changes in  gray tones on the Landsat  data .  Also, d e t a i l s  o f  w e t l a n d  
s u r f a c e s  are more readi ly  seen  on the color composite imagery in compari-  
son  wi th  the  B&W bands .  This  decreases  eye  s t ra in  and inc reases  mapping 
e f f i c i e n c y  . 
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Although the mapping procedure was uncomplicated,  there  were 
s e v e r a l  areas on t h e  imagery t h a t  were d i f f i c u l t  t o  map. Wetlands were 
t roublesome to  de l inea te  on  the  imagery  in  three  areas: 1) a t  t h e  
uppe r  r eaches  and  t r ibu ta r i e s  of t h e  Obion, Forked Deer, and Hatchie 
Rivers;  2 )  w i t h i n   t h e   M i s s i s s i p p i  Lowlands;  and 3 )  around  urban areas. 
The car tographic  problems encountered in  these areas were p r imar i ly  
re la ted  to  seasonal  changes  in  the  wet lands  mi l ieu .  
A t  the upper reaches of the Obion, Forked Deer, and Hatchie Rivers 
(Map 2 ) ,  the topography is r o l l i n g  and  heavi ly  d issec ted ,  and much of 
t he  l and  is fo res t ed .  The we t l ands  in  the  eas t e rn  po r t ion  o f  t he  s tudy  
area become narrow and begin to  branch out  as they approach the head- 
waters o f  t he  rivers. S ince  the re  is  less wetland area to  be  de t ec t ed ,  
the upper  reaches of  the swamplands merge with upland vegetat ion and 
are  d i f f i c u l t  t o  map. Furthermore,   t r ibutary  wet lands are small i n  
s i z e  a n d  t h e i r  t o n a l  s i g n a t u r e s  i n t e r m i x  w i t h  c r o p l a n d  o r  f o r e s t e d  
upland   s igna tures .  On imagery   t aken   dur ing   the   win ter   (defo l ia ted)  
season,  the wet lands a t  the  upper  reaches  are much easier t o  map s i n c e  
t h e  swamplands d isp lay  darker  tones  under  the  tree canop ies ;  t he  tona l  
s i g n a t u r e  c o n t r a s t  is greater ,  therefore ,  between wet lands and non- 
wetlands.  
The we t l ands  wi th in  the  Miss i s s ipp i  Lowlands are a problem t o  map 
because  of  the i r  small s i z e .  Although a few large wet land areas e x i s t  
wi th in  the  Lowlands, ag r i cu l tu ra l  ope ra t ions  have  d iv ided  most o f  t he  
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swamplands in to  ex t remely  small p a r c e l s  which are d i f f i c u l t  t o  d e l i n e a t e  
on t h e  small scale imagery. 
It is a l s o  a problem to  iden t i fy  and  de l imi t  we t l ands  a round  u rban  
areas on the  Landsat  imagery.  Wetlands  which meet bui l t -up areas are 
f r ac tu red  by urban  encroachment. The we t l and  tona l  s igna tu res  in t e rmix  
wi th  the  urban  s igna tures  and  the  two areas become v i sua l ly  in sepa rab le .  
The built-up areas around Jackson, Tennessee, on the South Fork and 
Dyersburg, Tennessee,  on the North Fork of the Forked Deer River ,  how- 
ever ,  are the  on ly  areas where the wet land versus  urban s ignature  prob-  
l e m ,  i s  acu te .  
A l t h o u g h  i n t e r p r e t a t i o n  d i f f i c u l t i e s  h i n d e r  t h e  L a n d s a t  mapping 
procedure,  they do not  v i t ia te  Landsa t  imagery  as a medium f o r  mapping 
w e t l a n d s  i n  West Tennessee. The impact of these  problems on  the  mapping 
procedure is mi t iga ted  cons iderably  when the  s i ze  o f  t he  we t l and  areas 
involved is compared with the ent i re  wet land area that  has  been mapped 
i n  West Tennessee.  Moreover ,  the Landsat  data  base used in  this  s tudy 
is comprised of on ly  three  da tes  of  imagery ,  so  the problems encountered 
i n  d e l i m i t i n g  w e t l a n d s  c o u l d  e i t h e r  b e  a l l e v i a t e d  o r  e l i m i n a t e d  when 
o t h e r  d a t e s  o f  s a t e l l i t e  imagery are u s e d  f o r  i n t e r p r e t a t i o n .  
LAND SAT MAPPING PROCEDURE : SUMMARY 
The Landsat mapping procedure has demonstrated that wetlands in 
West Tennessee could be ident i f ied and del imited from 1: 1,000,000 scale 
Landsat  imagery. The a b i l i t y  t o  d i s c e r n  w e t l a n d s ,  however,  depends on 
t h e  i n t e r r e l a t i o n s h i p  and v a r i a b i l i t y  o f  s e v e r a l  p h o t o - i n t e r p r e t a t i o n  
i n d i c i e s .  Tone and  color are t h e   p r i m a r y   f a c t o r s   t h a t  are used   t o  
45 
visually detect  wetlands from Landsat imagery; swamplands e x h i b i t  a 
un ique  tona l  s igna tu re  which is a . k e y  t o  t h e i r  i d e n t i f i c a t i o n .  
Texture ,  pa t te rn ,  assoc ia t ion ,  shape ,  and  shadow, are a n c i l l a r y  p a r a -  
meters t h a t  a i d  i n  t h e  d e t e c t i o n  of wetlands from Landsat data.  
The minimum s i z e  of t he  we t l ands  iden t i f i ab le  on  the  imagery  i s  a f f e c t e d  
by the  reso lu t ion ,  edge  sharpness ,  and  scale of t he  da t a .  The amount of 
de t ae l  ev iden t  on the Landsat  data  i s  a v a r i a b l e  of t h e  YSS system and 
t h e  small scale a t  which t h e  imagery is sensed. 
Although wetlands as photomorphic  features  were i d e n t i f i a b l e  on t h e  
Landsat imagery, the swamplands had to  be  de f ined  acco rd ing  to  a c l a s s i -  
f i c a t i o n  scheme t h a t  was compat ib le  wi th  the  scale o f  t he  da t a ,  and one 
t h a t  was accep tab le  to  the  use r s  o f  t he  ca r tog raph ic  in fo rma t ion .  
The-USGS Land I J s e  and Land Cover C l a s s i f i c a t i o n  System, t he re fo re ,  w a s  
u s e d  t o  c l a s s i f y  a n d  map w e t l a n d s  i n  West Tennessee from Landsat data. 
Wetlands were bes t  de f ined  a t  the  Level  I c a t e g o r y ,  s i n c e  t h i s  d i v i s i o n  
of the mult i - level  system w a s  des igned  fo r  u se  wi th  1:1,000,000 t o  
1:250,000 scale Landsat imagery. 
The swampland maps generated from the September, February, and May 
imagery i l l u s t r a t e  t h e  c a p a b i l i t i e s  of  Landsat  data  for  monitor ing 
seasonal  wet land dynamics within the s tudy area. Maps 3-17 i n  Appendix 
A a l s o  show t h a t  w e t l a n d s  d e t a i l  v a r i e s  c o n s i d e r a b l y  a c c o r d i n g  t o  t h e  
v i s u a l  c h a r a c t e r i s t i c s  o f  t h e  m u l t i s p e c t r a l  i m a g e r y .  I n  a comparative 
a n a l y s i s  of t he  Landsa t  mu l t i spec t r a l  da t a ,  t he  most u s e f u l  t y p e  of 
in format ion  for  mapping wet lands a t  1:1,000,000 scale was t h e  c o l o r  
composite  imagery. The mapping of  wetlands  from the t h r e e  d a t e s  o f  
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mult i spec t ra l  Landsa t  da ta  involved  photo- in te rpre ta t iona l  and  car togra-  
p h i c  d i f f i c u l t i e s ,  b u t  t h e s e  were minor in  scope and impact .  
The r e su l t s  o f  t he  Landsa t  we t l ands  mapping procedure are encour- 
aging.  Landsat i s  a n  e x c e l l e n t  medium f o r  v i s u a l l y  i d e n t i f y i n g  and 
mapping w e t l a n d s  i n  West Tennessee.   Resource-or iented  agencies   inter-  
e s t e d  i n  w e t l a n d s ,  however,  need areal measurement d a t a  f o r  swamplands 
management as w e l l  as car tographic   information.   Wetland  inventor ies  
must be up-dated periodically to be of maximum u t i l i t y ,  and the  acqu i -  
s i t i o n  o f  d a t a  via aerial photography on a f r e q u e n t ,  r e g u l a r  b a s i s  i s  
economica l ly   una t t rac t ive .  The accuracy  of  Landsat  imagery  for  wetlands 
mapping  and  measurement, t h e r e f o r e ,  w i l l  be  examined in  the  r ema inde r  of  
t he  s tudy .  
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CHAPTER I11 
L A m  SAT VERIFICATICN PROCEDURE - PART I 
The Landsat  ver i f icat ion procedure that  has  been developed for  the 
s tudy is presented i n  two sFages.  Par t  I d e a l s  w i t h  t h e  s e l e c t i o n  of a 
Landsat imagery data base, the comparison of the imagery with TJ. S. 
Nat ional  Map Accuracy Standards,  the location and mapping of 14 t r an -  
sects as case s tudy areas, and the computation of the scales of medium 
a l t i tude  photo  f rames  used  as c o n t r o l  parameters. P a r t  I1 of t h e  v e r i -  
f i ca t ion  p rocedure ,  d i scussed  in  Chap te r  I V Y  is  concerned with the 
implementat ion and resul ts  of  the accuracy tests and t h e  o v e r a l l  mea- 
surement of t h e  West Tennessee wetlands from Landsat imagery. 
Se lec t ion  of a Landsat Imaaerv Data Base fo r  t he  S tudv  
Since  the  Landsa t  ver i f ica t ion  procedure  w a s  des igned  to  eva lua te  
the comparat ive accuracy of  1:1,000,000, 1:500,000, and 1:250,000 scale 
d a t a  f o r  mapping and measuring wetlands, a s ing le  scene  o f  mul t i spec t r a l  
sa te l l i t e  imagery w a s  u t i l i z e d  i n  t h e  s t u d y .  The September 13, 1972 
color composite imagery was s e l e c t e d  as  a Landsa t  da ta  base  because  the  
we t l ands  cou ld  eas i ly  be  iden t i f i ed  by t h e i r  d i s t i n c t i v e  deep red color .  
The imagery a l so  dep ic t ed  the  we t l ands  a t  t h e  low water s t a g e ;  h e n c e ,  i f  
the wetlands could be demarcated a t  low water, t h e n  s e a s o n a l l y  r e l a t e d  
swamplands could be detected a t  h igher  water pe r iods .  
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Evaluation of Landsat Imagery i n  R e l a t i o n  t o  NMAS 
To tes t  t h e  r e l i a b i l i t y  o f  L a n d s a t  d a t a  as a medium f o r  mapping and 
measuring wetlands,  it was f i r s t  n e c e s s a r y  t o  ancdlyze t h e  p l a n i m e t r i c  
c h a r a c t e r i s t i c s  o f  t h e  imagery i n  r e f e r e n c e  t o  r e c o g n i z e d  map s tandards .  
The imagery w a s  compared with the United States Nat iona l  Map Accuracy 
Standards (NMAS) e s t ab l i shed  fo r  t hema t i c  maps a t  p u b l i c a t i o n  scale. 
For acceptab le  p lan imet r ic  accuracy ,  MUS r e q u i r e  t h a t  90 percent of 
t he  " w e l l  d e f i n e d  f e a t u r e s  on t h e  map, s h o u l d  b e  i n  e r r o r  by  no g r e a t e r  
than 0.02 inch (0.5 mm) measured a t  t h e  scale of pub l i ca t ion .  , J  9 
This  measurement  on t h e  ground represents  1640 feet (500 m) a t  
1:1,000,000 scale, 820 feet  (250 m) a t  1:500,000 scale, and  410 f e e t  
(125 m) a t  1:250,000 scale. S ince  pos i t iona l  map e r r o r s  are not   nor-  
mally distributed, the root-mean-square error (rms) of the points should 
be less than 984 f e e t  (300 m) a t  1:1,000,000 scale, 492 f e e t  (150 m) a t  
1:500,000 scale ,  and 246 f e e t  (75 m) a t  1 : 2 5 0 , 0 0 0  s c a l e  t o  s a t i s f y  NMAS 
requirements (Appendix B - 48) .  19 
The geomet r i c  p rope r t i e s  i nhe ren t  i n  the  spacec ra f t ' s  MSS p resen t  a 
problem i n  c a l c u l a t i n g  t h e  root-mean-square e r r o r  f o r  p o i n t s  on Landsat 
data;  Landsat imagery represents a photomap that has been superimposed 
upon a n  unknown p r o j e c t i o n  a n d  t h e  p o s i t i o n a l  d a t a  f o r  e a c h  p o i n t ,  
t he re fo re ,  are ambiguous.24 One recognized way to  t ransform Landsa t  
imagery in to  an  accu ra t e  photomap for comparison with ? M A S  is  t o  make 
t h e  b e s t  f i t  of a geodet ic  gr id ,  such  as  the  Universa l  Transverse  
Mercator (UTM) o r  l a t i t u d e  and longi tude system, to  bulk MSS imagery 
via ground con t ro l .  The pos i t i ona l  e r ro r  fo r  g round  con t ro l  po in t s  i s  
then  computed acco rd ing  to  the i r  d i s t ance  from t h e  n e a r e s t  g r i d  l i n e .  
49 
Root-mean-square tests of ground control points from imagery fi t ted with 
a UTM g r i d  h a v e  y i e l d e d  r e s u l t s  t h a t  meet NMAS f o r  maps a t  p u b l i c a t i o n  
scale. 19 
The p r o c e d u r e  f o r  f i t t i n g  a UTM g r i d  t o  a n  image r e q u i r e s  f o u r  
bas i c  p rocesses :  1) i d e n t i f i c a t i o n  of con t ro l  po in t s  and  r eco rd ing  
t h e i r  s p e c i f i c  ground  coordinates;  2 )  measurement  of  the x and y p o i n t  . 
values  on  the  image; 3 )  c a l c u l a t i o n  of the   t ransformat ion   parameters  
which relate t h e  image  and  ground coordinate  systems;  and 4 )  p l o t t i n g  
of t h e  UTM gr id  on  an  over lay  shee t  tha t  i s  p r e c i s e l y  r e g i s t e r e d  t o  t h e  
image. 24 
This  g r id -  f i t t i ng  p rocedure  would normally require a computer pro- 
gram and a d i g i t i z e r  f o r  c a l c u l a t i n g  t h e  t r a n s f o r m a t i o n  p a r a m e t e r s ,  a n d  
f o r  r e l a t i n g  t h e  g r i d  i n t e r s e c t i o n s  t o  t h e  image coordinate system. 
In l i eu  o f  t he  equ ipmen t  necessa ry  to  d ig i t i ze  the  da t a  po in t s ,  a s impler  
g r id - f i t t i ng  t echn ique  w a s  used. The  method developed  for  the  s tudy  
r e l i e d  on manual ope ra t ions  and s u r r o g a t e  i n f o r m a t i o n  t o  make t h e  b e s t  
f i t  of an overlay sheet with the September 13, 1972  color composite 
imagery. 
Twenty c o n t r o l  p o i n t s  were pin-pricked on the bulk-processed Landsat 
1:1,000,000 scale imagery. No more than  twenty  points  were i d e n t i f i e d  
so tha t  i so l a t ed  misp r i cked  po in t s  cou ld  be  co r rec t ed  o r  e l imina ted .  
Corners of woodlots, river and stream confluences,  lakes ,  and highway 
c ross ings  were the  pr imary  sites used t o  l o c a t e  s u i t a b l e  ground c o n t r o l  
points on the imagery. 
The same twenty points  were then  ident i f ied  and  marked on an over- 
lay  of  a Landsat precision-processed image of West Tennessee study area 
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(ID# E-1070-16055-4,5,6,7-1,  October 1, 1972) .  The prec is ion-prow 
imagery w a s  u s e d  f o r  c a l i b r a t i o n  c o n t r o l  s i n c e  t h e  image was geome. L- 
c a l l y  c o r r e c t e d  i n  r e f e r e n c e  t o  a UTM g r i d  by NASA. It w a s  necessary  
t o  c a r e f u l l y  r e g i s t e r  t h e  ground con t ro l  po in t s  on  the  ove r l ay  shee t  
w i th  the  p rec i s ion -p rocessed  imagery  to  a s su re  tha t  t he  loca t ion  o f  t he  
p in-pr icks  co inc ided  wi th  the  same points  on the bulk imagery.  
Although care  w a s  t a k e n  i n  p r i c k i n g  t h e  c o n t r o l  p o i n t s  o n  t h e  o v e r l a y ,  
s l i g h t  a b e r r a t i o n s  i n  m a r k i n g  t h e  p o i n t s  were inevi tab le .  These  e r rors ,  
however, were e i t h e r  i g n o r e d  o r  were compensated f o r  i n  t h e  g r i d - f i t t i n g  
procedure.  
Af te r  the  ground cont ro l  po in ts  were pr icked on the overlay,  a bes t -  
f i t  of the  over lay  wi th  the  bulk  imagery  w a s  accomplished by s e l e c t i n g  
two o r  more pin-pricks on the September MSS data  and matching these 
po in t s  w i th  the  same p o i n t s  on the  prec is ion-processed  shee t .  
This alignment procedure w a s  performed s i x  times w i t h  d i f f e r e n t  p o i n t s  
t o  de t e rmine  the  ro t a t ion  pa rame te r s  necessa ry  to  compute a plane-to- 
plane adjustment of the imagery with the UTM g r i d .  A s i n g l e  p l a n e  r o t a -  
t i o n  was used s ince the precis ion-processed overlay w a s  manual ly  rotated 
over the bulk imagery. 
When t h e  c a l i b r a t i o n  p o i n t s  were r eg i s t e red ,  t he  d i sp lacemen t  be- 
tween each point on the bulk imagery and precision-processed overlay w a s  
measured  using a hand-held  mono-comparator. The comparator w a s  equipped 
with a 15 mm l i n e a r  s c a l e ,  a n d  measurement w a s  made t o  t h e  n e a r e s t  0 . 1  
mm. After t h e  p o s i t i o n  f o r  e a c h  p o i n t  was t a b u l a t e d ,  t h e  r m s  f o r  a l l  of 
t h e  p o i n t s  was ca l cu la t ed  and compared wi th  NMAS. 
The r e s u l t s  from t h i s  o v e r l a y  o p e r a t i o n  i n d i c a t e d  t h a t  a t  the  
1:1,000,000 scale, Landsat imagery closely approached NMAS when t h e  rms 
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w a s  ca lcu la ted  us ing  the  d isp lacement  measurements  for  a l l  twenty test  
points   (Table  I). However, when t h e  two poin t   a l ignment   f i t s   which  
produced t h e  smallest r m s  a b e r r a t i o n s  were a v e r a g e d  t o g e t h e r ,  t h e i r  rms 
w a s  approximately 30 meters g r e a t e r  t h a n  NMAS a l low a t  1:1,000,000 
scale. The mean r m s  o f  t h e  two lowest  r m s  e r r o r s ,  t h e r e f o r e ,  w a s  a 
sur roga te  for  the  bes t - l ine-of - f i t  tha t  could  have  been  achieved .  
NMAS a l s o  s t a t e  t h a t  90 percent  of t h e  test po in t s  shou ld  be  in  e r ro r  by 
TABLE I 
RMS OF 90% OF POINTS TESTED 
1:1,000,000 IMAGERY 
TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 
r m s  = 360 m rms = 310 m r m s  = 440 m r m s  = 310 m rms = 300 m 
no g r e a t e r  t h a n  0.2 inch  (0.5 mm) a t  t h e  s c a l e  of pub l i ca t ion .  Hence, i f  
t h e  two l a r g e s t  p o i n t  p o s i t i o n a l  e r r o r s  were eliminated when t h e  mean of 
t h e  two b e s t  a l i g n m e n t  f i t s  was computed, NMAS would be achieved a t  
1:1,000,000 scale us ing  90 pe rcen t  o f  t he  po in t s .  Because  the  r e su l t s  
i n  T a b l e  I were obtained by performing a manual alignment f i t  of ground 
c o n t r o l  p o i n t s ,  it w a s  assumed t h a t  NMAS could  be  a t ta ined  us ing  compu- 
te r ized  techniques  a t  1:1,000,000 scale f o r  t h e  September 13, 1972 Landsat 
imagery.  Furthermore,  based on t h e  r e s u l t s  from t h e  r m s  t e s t i n g  o f  t h e  
Landsat 1:1,000,000 scale imagery, i t  w a s  hypothes ized  tha t  NMAS would be 
approached or m e t  a t  scales of 1:500,000 and 1:250,000 i f   t h e  two l a r g e s t  
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p o s i t i o n a l  e r r o r s  were dropped and the r m s  was based on the mean o f  t h e  
two bes t -po in t  a l ignmen t  f i t s .  
Transec t  S i te  Loca t ion  and  Mapping 
The r e s u l t s  of t h e  rms tests ind ica t ed  that t h e  September 13, 1972, 
imagery used as a da ta  base  fo r  t he  Landsa t  ve r i f i ca t ion  p rocedure  w a s  
a c a r t o g r a p h i c a l l y  a c c u r a t e  photomap; t h e  i n t e r n a l  geometry of the 
imagery was w i t h i n  t h e  s t a n d a r d s  p r e s c r i b e d  f o r  maps a t  p u b l i c a t i o n  
scale. Any e r r o r s  i n  the  v isua l  measur ing  and  mapping of wetlands from 
the  imagery ,  t he re fo re ,  cou ld  be  a t t r i bu ted  to  f ac to r s  o the r  t han  geo- 
metric and  p lan imet r ic  aber ra t ions  wi th in  the  Landsa t  imagery .  
The EMAS tests l a id  the  founda t ion  fo r  t he  Landsa t  accu racy  t e s t ing  
procedure.  This procedure w a s  predicated on information obtained from 
medium a l t i t u d e ,  c o l o r  aerial  photography taken of t h e  West Tennessee 
wetlands.  The co lo r  i n f r a red  a i r c ra f t  imagery ,  f l own  by NASA on  Apri l  
23 and 2 4 ,  1974, was used as ground t ru th  da t a  fo r  compar i son  wi th  the  
Landsat  September  13, 1972 color   composi te   imagery.   Fourteen  t ransect  
sites o r  c a s e  s t u d y  areas were se lec ted  f rom indiv idua l  9 x 9 inch  
(23 x 23 cm) photo  frames  on  the aerial  photography (Map 2 ) .  The same 
t r a n s e c t  sites were a l s o  l o c a t e d  on t h e  September Landsat imagery infor- 
mation  base.  These case study areas were u t i l i z e d  f o r  c o n t r o l  c a l i b r a -  
t i o n s  t o  assess the car tographic  accuracy of  the I ;andsat  imagery.  
The t r a n s e c t  sites were chosen because they displayed photomorphic 
c h a r a c t e r i s t i c s  t h a t  were d e t e c t a b l e  o n  t h e  L a n d s a t  a n d  a i r c r a f t  imag- 
e ry .  Phys ica l  and c u l t u r a l  f e a t u r e s ,  s u c h  as r i v e r  a n d  stream conflu-  
ences ,  l akes  and  bor row pi t s ,  in te rs ta te  or  major  h ighways ,  and  unique  
patterns of wetlands encroachment or land uses,  were u t i l i z e d  t o  l o c a t e  
. .  
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t h e  t r a n s e c t  sites. Add i t iona l ly ,  t he  case s tudy  areas were d i s t r i b u t e d  
s o  t h a t  a l l  14  t r ansec t s  p rov ided  a r e p r e s e n t a t i v e  view of t h e  West 
Tennessee wetlands. 
A f t e r  t h e  case s tudy  areas were i d e n t i f i e d  on the Landsat and medium 
a l t i t ude  imagery ,  t he  l and  cove r  in  each  t r ansec t  pho to  f r ame  w a s  mapped 
us ing  a modif ied vers ion of t h e  USGS Land Use and Land Cover C las s i f i ca -  
t i o n  System  (Appendix C, Maps 19-33). The wet lands  wi th in  each  t ransec t  
photo frame were mapped a t  Level 11, a l though  we t l and  r e l a t ed  f ea tu res  
which aided i n  t h e  v i s u a l  i n t e r p r e t a t i o n  of swamplands from t h e  imagery 
were a l so  c l a s s i f i ed .  Add i t iona l ly ,  l and  cove r  o the r  t han  we t l ands  w a s  
mapped from the  pho to  f r ames  fo r  o r i en ta t ion  o f  t he  t r ansec t  s i tes with- 
i n  t h e  s t u d y  area, and f o r  i l l u s t r a t i o n  o f  t h e  v a r i o u s  t y p e s  o f  l a n d  
u s e s  t h a t  s u r r o u n d  t h e  West Tennessee  wetlands.   Forested and  non- 
forested wet lands were de l imi t ed  on  the  bas i s  o f  s eve ra l  f ac to r s :  
1) topography; 2 )  the   p resence   o f  water; 3) t h e   e x i s t e n c e  of wetland 
r e l a t e d  f e a t u r e s  s u c h  as dead  timber;  and 4 )  t h e  t o n a l  s i g n a t u r e  o f  
t h e  trees p resen t .  
Topography is  t h e  key f a c t o r  u s e d  t o  map wetlands from the medium 
a l t i t ude  pho to  f r ames .  It is  apparent   f rom  f ie ld   surveys  and  f rom  the 
examination of USGS, 1:24,000 scale topographic  maps tha t  we t l ands  
wi th in  West Tennessee are assoc ia ted  wi th  topographic  lows: gene ra l ly  
the appearance of  wet lands coincides  with datums below the 300 f o o t  
(92 m) contour  level.  This  contour,  however, is no t  an  abso lu te  de t e r -  
minant of the  upper  wet land  da tum s ince  the  map contours  may b e  a b e r r a n t  
by several f e e t .  Also, t he  e l eva t ion  o f  t he  we t l ands  is h i g h e r  i n  t h e  
heav i ly  d i s sec t ed  eas t e rn  and  sou the rn  po r t ions  o f  t he  s tudy  area. 
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The presence of  water is  another  phys ica l  e lement  used  to  map 
swamplands  from t h e  aerial photography. One p r i m a r y  c h a r a c t e r i s t i c  
of  inland wet lands i s  a water t a b l e  t h a t  is r a i s e d  n e a r  o r  above  the  
ground s u r f a c e  f o r  a s i g n i f i c a n t  p o r t i o n  of t h e  y e a r .  
Swamplands, t h e r e f o r e ,  are a s soc ia t ed  wi th  areas o f  i n c r e a s e d  s o i l  
moisture ,  or  where water is p resen t .  The ex i s t ence  o f  water, however, 
is t empora l ly  r e l a t ed  and should not be used as the  so l e  de t e rminan t  
i n  the  c l a s s i f i ca t ion  o f  we t l ands .  Because  seasona l  o r  sho r t - t e rm 
f looding  may b e  a n  i n t e g r a l  f a c t o r  i n  t h e  t o t a l  a n n u a l  s o i l  m o i s t u r e  
necessa ry  fo r  c rop  p roduc t ion ,  s a tu ra t ed  ag r i cu l tu ra l  l ands  have  no t  
been c l a s s i f i e d  as wetlands, but they have been mapped from the imagery. 
Addi t iona l ly ,  wet land- . re la ted  fea tures  such  as dead timber and 
marshlands have been used to map swamplands from t h e  aerial photography. 
Timber k i l l  is widespread throughout the wetlands study area, pa r t i cu -  
l a r l y  i n  t h e  Obion  and  Forked Deer River  basins .  Marshlands,  those 
areas dominated by hydrophy t i c  o r  aqua t i c  vege ta t ion  f loa t ing  on water, 
are un ique  to  a wet land mil ieu and are d i s c r e t e  f e a t u r e s  f o r  swampland 
i d e n t i f i c a t i o n  and mapping. 
The type  of  fores t  cover  and  tona l  s igna tures  of  the  woody vegeta- 
t i o n  are def in i t ive  e lements  used  t o  d e l i m i t  w e t l a n d s  f r o m  t h e  a i r c r a f t  
imagery.  Deciduous f o r e s t  swampland v e g e t a t i o n  e x h i b i t s  a deeper   red 
t o n a l  s i g n a t u r e  t h a n  do the  upland  woodlands  on  the  imagery. The t o n a l  
s igna ture  d i f fe ren t ia t ion  be tween wet land  and non-wetland f o r e s t e d  
vege ta t ion ,  however, is s u b t l e   i n   p l a c e s .   T h i s  is p a r t i c u l a r l y  t r u e  
i n  t h e  e a s t e r n  and southern port ions of  the s tudy area where the  up land  
f o r e s t  is  d e n s e  a n d  t h e  t e r r a i n  i s  heav i ly  d i s sec t ed ;  t he  up lands  d i s -  
p l ay  a t o n a l  s i g n a t u r e  which i s  similar t o  t h a t  o f  t h e  f o r e s t e d  u p l a n d s .  
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The wet land environment ,  therefore ,  is comprised of a complex  eco- 
sys tem and  the  photomorphic  fea tures  used  to  map swamplands from t h e  
a i r c r a f t  imagery are i n t e r r e l a t e d .  Hence, t h e  key t o  t h e  d e l i m i t a t i o n  
of wetlands from the medium a l t i t ude  pho tography  i s  t h e  a s s o c i a t i o n  o f  
topographic ,  mois ture ,  and  vegeta t iona l  parameters  tha t  d i s t inguish  w e t -  
lands from non-wetlands. 
Computation of Medium Al t i tude  Photo  Frame Scale 
Once the  we t l ands  wi th in  each  t r ansec t  site were mapped f rom the  
medium a l t i t u d e  i m a g e r y ,  i t  w a s  n e c e s s a r y  t o  compute t h e  s c a l e s  o f  t h e  
14 photo frames used as  ground control  for  the Landsat  comparat ive 
accuracy tests. Only the photo scale of  the  wet lands  area w i t h i n  t h e  
t r a n s e c t s  was r e q u i r e d ,  s i n c e  t h e  goal of t he  s tudy  w a s  t o  v e r i f y  
Landsat as  a medium f o r  mapping and measuring swamplands i n  West 
Tennessee. The scale o f  t h e  a i r c r a f t  imagery was determined by calcu-  
l a t ing  the  ave rage  pho to  scale o f  t he  we t l ands  wi th in  the  ind iv idua l  
photo frame. This  method w a s  used because it  w a s  d e s i r a b l e  t o  reduce 
the  e f f ec t  o f  t e r r a in  d i f f e rences  on  the  sca l e  o f  each  pho to  f r ame  as 
much as poss ib l e .  The v e r t i c a l  r e l i e f  w i t k i n  t h e  t r a n s e c t  s i tes loca ted  
in  the  wes te rn  po r t ion  o f  t he  we t l and  researcl. area is general ly  mini-  
mal, whi le  i t  is h i g h l y  v a r i a b l e  i n  the  eas t e rn  and  sou the rn  sec t ions .  
The e f f e c t  o f  t e r r a i n  d i f f e r e n c e s  o n  scale then ,  could  most  e f f ic ien t ly  
be minimized by computing the  average  photo  scale o f  t he  we t l ands  wi th in  
each photo frame (Appendix B - 56) .  
Although the average photo scale method reduced  the  inf luence  of  
t e r r a i n  v a r i a t i o n  on t h e  scale of the photography, i t  was s t i l l  neces- 
s a r y  t o  d e f i n e  t h e  maximum and minimum wet land  e leva t ions  for  each  
I 
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t r a n s e c t .  The wetland datum levels were determined by e s t ima t ing  how 
far wetland photomorphic features on the transect photo frames, such 
as tona l  s igna ture ,  ex tended  i n  r e l a t ion  to  topograph ic  con tour  in t e r -  
vals on 1:24 ,000 scale topographic  maps. The scales o f  t h e  14  photo- 
graphs used as g r o u n d  t r u t h  i n  the  s tudy  are g iven  in  Table  11. 
Landsa t   Ver i f ica t ion   Procedure   Par t  I: Summary 
P a r t  I of t h e  L a n d s a t  v e r i f i c a t i o n  p r o c e d u r e  l a i d  t h e  groundwork 
for  the  wet land  accuracy  . tes t ing  ana lys i s .  The September  13, 1972, 
color  composi te  MSS imagery was s e l e c t e d  as a Landsa t  da ta  base  for  
the s tudy.  This  imagery w a s  compared wi th  IJ. S. Nat ional  Map Accuracy 
S tanda rds  v i a  an  ove r l ay  o f  a geometr ica l ly  cor rec ted  poin t  da ta  
coord ina te  sys tem to  eva lua te  the  p lan imet r ic  accuracy  of  the  imagery .  
The r e s u l t s  of t h e  NMAS tests i l l u s t r a t e d  t h a t  a t  1:1,000,000 scale, 
t h e  September imagery approached o r  m e t  NMAS es t ab l i shed  fo r  t hema t i c  
maps a t  p u b l i c a t i o n  scale. It w a s  in fer red  f rom the  NMAS tests t h a t  
t h e  1:500,000 and 1:250,000 s c a l e  L a n d s a t  d a t a  u s e d  i n  t h e  v e r i f i c a t i o n  
procedure would a l so  approach  or  meet NMAS. 
The NMAS tests indicated that  the September  13, 1972,  imagery was 
a n  a c c u r a t e  photomap.  Fourteen  transect sites were then  se l ec t ed  and 
mapped f rom indiv idua l  9 x 9 inch (23 x 23 cm) photo frames on the 
c o l o r  i n f r a r e d  aerial photography that  w a s  used as ground t r u t h  d a t a ;  
t h e  same t r a n s e c t  sites were a l s o  l o c a t e d  o n  t h e  Landsa.t imagery. 
Las t ly ,  the  average  photo  scale of the wet lands within each photo frame 
transect was.computed t o  f a c i l i t a t e  t h e  measurement of t h e  swamplands 
from the case study areas fo r  compar i son  wi th  the  th ree  scales of Land- 
sat d a t a  u t i l i z e d  i n  t h e  a c c u r a c y  t e s t i n g  p r o c e d u r e s .  
58 
TABLE I1 
Location and Scale of Photo Frames Used as Ground Truth 
TRANSECT # 
1 
2 
3 
4 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
For the Study 's  1 4  Transec t  S i t e s  
(See Appendix C y  Maps 18-32 )  
LOCAT ION 
Reelfoot  Lake a t  Samburg, Tennessee 
Obion River  a t  Confluence with 
Running Reelfoot  Bayou 
Lower Obion River Southwest of 
Obion,  Tennessee 
Confluence of the North and South 
Forks, Obion River 
Confluence of the Middle  and 
South Forks, Obion River 
Rutherford  Fork, Obion River  
near  Dyer,  Tennessee 
Confluence of Crooked and Clear 
Creeks with South Fork, Obion 
River  
Confluence of Middle and Xorth Forks 
of Forked Deer River  
Middle Fork of the Forked Deer 
River a t  Confluence with Buck 
Creek 
Confluence of Nixon Creek w i t h  t h e  
South Fork of t h e  Forked Deer 
River 
Confluence of the  Hatchie  and  Mis- 
s i s s i p p i  R i v e r s  
Hatchie River a t  U. S. 7 9  
Hatchie River a t  1-40 and 
S .  R.  7 6  
Hatchie River a t  Porter Creek 
Canal 
SCALE 
1: 25,425 
1 : 25,465 
1 : 2 5 , 4 4 5  
1 : 2 5 , 4 2 0  
1 : 25,410 
1 : 2 5 , 3 4 0  
1 : 25,270 
1 : 25,440 
1 : 2 5 , 4 3 5  
1 : 25,435 
1 : 2 5 , 5 3 5  
1 : 2 5 , 4 2 5  
1 : 2 5 , 4 1 4  
1 : 2 5 , 2 9 0  
CHAPTER  IV 
LANDSAT  VERIFICATION  PROCEDURE - PART I1 
In this  chapter,  the  details  and  results of the  Landsat  verification 
analysis  are  described.  The  procedure  was  based on the  areal  and  linear 
measurement  of  wetlands  within 14 transect  sites  selected  from  medium 
altitude,  color  infrared  aerial  photography  of  the  West  Tennessee  study 
area. The  results of each  measurement  were  compared  with  areal  and 
linear  measurements  of  the  same  area  on  Landsat  1:250,000,  1:500,000, 
and 1:1,000,000 scale  imagery.  The  most  accurate  or  reliable  scale of 
Landsat  imagery as determined  by  the  verification  testing  was  then  used 
in an overall  measurement  of  the  wetlands  along  the  Obion,  Forked Deer, 
and  Hatchie  Rivers. 
Calculation  of  Transect  Wetland  Area  from  the 
Medium  Altitude  Photo  Frames 
Part  of  the  Landsat  verification  procedure  was  the  measurement  of 
wetlands  within  the 14 transect  photo  frames.  The  calculation  of  the 
photo  frame  areas was based on the  individual  scale  of  the  transects 
as computed  via  the  average  photo  scale  method  outlined in Chapter 111. 
One  transect,  a  section f the  Rutherford  Fork  of  the  Obion  River 
wetlands  east of Dyersburg in  Gibson  County,  Tennessee,  was  chosen  as 
a  test  site  for  evaluating  the  efficiency  and  reliability  of  several 
techniques  used  to  measure  area  (Appendix Cy Map  23,  Transect # 6 ) .  This 
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site  was  selected  because  the  swamplands  within  the  transect  were  small 
enough  to be measured  easily  using a polar  planimeter. The areal 
figures  obtained  from  the  polar  planimeter  measurements  were  utilized 
as a  calibration  gauge  for  comparison  with  measurements  of  the  same  test 
site  acquired  from  a  dot  planimeter, an area grid  (10-to-the-inch  cell 
grid),  and a  modified  acreage  grid. 
The polar  planimeter  is  a  standard  area  measurement  instrument  that 
can  be  used  to  estimate  the  size  of  irregularly  shaped  units. 25  Area  is 
computed  by  tracing  the  boundaries  of  the  unit  in  a  clockwise  direction 
with  the  arm  of  the  planimeter.  The  unit  area  is  then  read  off on 
the  instrument's  vernier  wheel  and  converted  into  the  unit  of  measurement 
desired  (e.g. feedmeters or  acres/hectares).  Although  the  polar  plan- 
imeter  can  yield  accurate  measurements  if  used  carefully,  the  slightest 
error  in  operation  will  produce  significant  aberrations  in  the  area 
readings.  Polar  planimeters  are  also  tedious  and  time  consuming  to  use. 
When  measuring  a  large  number of areas,  therefore,  it  is  much  easier  to 
utilize  more  time-efficient  methods  and  use  the  polar  planimeter  to  check 
the  accuracy  of  the  other  area  measurement  tools. 25 A total  of 886.46 
acres (358.75 hectares)  of  wetlands  were  measured  from  the  test  site 
using  the  polar  planimeter. 
The  dot  planimeter  is  a  statistical  sampling  instrument  used  to 
compute  the  dimensions  of  an  area  (Figure 6 ) .  A dot  planimeter  consists 
of a transparent  grid  that  is  partitioned  into  square  spaces  with  dots 
systematically  arranged  in  each  space.  The  size of the  spaces  and  the 
density  of  the  dots  depends  on  the  percentage  of  sampling  needed.  Dots 
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loca ted  wi th in  the  boundar i e s  o f  t he  area measured are counted and assigned 
a ce r t a in  va lue  depend ing  upon t h e  scale of t h e  area measured and t h e  
spac ing  of t h e  d o t s .  Computation  of area is then determined by s imple 
p ropor t ion .  Dot planimeters  give area dimensions of  acceptable  accuracy 
in one- th i rd  to  one-s ix th  of  the  t i m e  r equ i r ed  fo r  measu r ing  the  same 
area by a polar  p lan imeter .  18 
The d o t  p l a n i m e t e r  u s e d  i n  t h i s  s t u d y  had  400 d o t s  (9 do ts / sq .  inch  
o r  1 . 4  d o t s / s q .  cm) with each dot  equivalent  to  14.50 acres (5.87 hectares)  
a t  t h e  scale o f  t he  test s i te  photo  frame. To o b t a i n  a r e l i ab le  sample ,  
t he  do t  p l an ime te r  w a s  dropped on t h e  test s i te  10 t imes,  and t h e  mean 
number of d o t s  c o u n t e d  f o r  e a c h  p l a n i m e t e r  f a l l  w a s  used t o  compute t h e  
t o t a l  w e t l a n d  area. An aggregate  of  885.88 acres (358.51 hec ta re s )  o f  
wetlands were measured within the test area via the  dot  p lan imeter .  The 
d i f f e r e n c e  i n  swampland area measured between t h e  p o l a r  p l a n i m e t e r  and 
the  do t  p l an ime te r  was -1.58 acres (-.24 h e c t a r e s ) .  
Another instrument used to measure the wetland area i n  t h e  test s i te  
was t h e  area gr id  or  10- to- the- inch  ce l l  g r id  (F igu re  7 ) .  The t r ans -  
p a r e n t  g r i d  u t i l i z e d  i n  t h i s  s t u d y  was comprised of a series of 1 inch  
(2.54 cm) s q u a r e s  t h a t  were subdivided into .10 inch ( .25 cm) square  
cells. The area g r i d  w a s  p l aced  ove r  t he  t r ansec t  s i te  and a v i s u a l  
estimate w a s  made o f  t he  p ropor t iona l  amount of wetlands area i n  e a c h  
c e l l  of t h e  g r i d .  T h e r e  were 872.11 acres (352.94 hec ta re s )  of swamp- 
lands recorded from the 10-to-the-inch cel l  g r i d  measurement of t h e  test 
si te;  the  d i f f e rence  be tween  the  g r id  and  the  po la r  p l an ime te r  w a s  
-14.35 acres (-5.82 h e c t a r e s ) .  
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A modif ied  acreage  gr id  was a l s o  u s e d  as a swamplands measurement 
device for  comparison with the other  methods (Figure 8) .  The modified 
ac reage  g r id  cons i s t s  o f  6 4 ,  one-inch square blocks imprinted on a 
transparency.  These  blocks are subdiv ided   in to  .25 inch  (.63  cm) squares  
wi th  4 evenly spaced dots  in  each square ( i .e .  64 do t s  pe r  squa re  inch ) .  
To measure the t ransect  wet lands area, the  mod i f i ed  ac reage  g r id  w a s  
dropped over the tes t   s i te  and t h e  number of d o t s  t h a t  f e l l  w i t h i n  t h e  
swamplands area were counted. This procedure w a s  performed 10 t imes 
and  the  mean of  the  dot  counts  w a s  t hen  mul t ip l i ed  by a conve r s ion  f ac to r  
t o  g i v e  a n  estimate of  the wet lands area w i t h i n  t h e  t r a n s e c t  s i te .  
A t o t a l  of 876.98 acres (354.91 hectares)  were measured from t h e  test 
area us ing  the  modi f ied  acreage  gr id .  The area f igu re  r ep resen ted  a 
d i f f e rence  o f  -9.48 acres (-3.84 hectares)  between the dot  planimeter  
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and acreage grid measurements. 
Of" the  three  ins t ruments  used ,  the  dot  p lan imeter  was t h e  most 
accu ra t e  in  compar i son  wi th  the  areal  dimensions of the  wet lands  tes t  
s i t e  obta ined  f rom the  polar  p lan imeter .  The do t  p l an ime te r  a l so  r equ i r ed  
less time to  measure  the  test s i t e  area than the other  methods.  The dot  
p lan imeter ,  therefore ,  was used to  measure the wet lands in  the remaining 
t r a n s e c t  sites from t h e  medium a l t i t ude  pho to  f r ames .  The r e s u l t s  of t h e  
measurements, based on t h e  mean of ten  dot  p lan imeter  drop  counts  per  
t r a n s e c t ,  are  recorded in  Table  111. 
Landsat Transect Site Scaling and Adjustment Procedure 
Af te r  a l l  of t he  we t l ands  wi th in  the  14  t r ansec t  sites were measured 
from the medium a l t i t ude  pho tography ,  t he  nex t  t a sk  in  the  accu racy  t e s t ing  
6 3  
Figure 6. Dot Planimeter 
Figure 7. Ten grid cells to the inch 
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procedure w a s  t o  measu re  the  swamplands from t h e  same t r a n s e c t s  l o c a t e d  
on the 1:250,000, 1:500,000, and 1:1,000,000 scale Landsa t  da ta  used  in  
the  study.  Before  the  Landsat  wetland  measurements  could  begin,  however, 
it w a s  f i r s t  n e c e s s a r y  t o  d e f i n e  t h e  e x a c t  b o u n d a r i e s  o f  t h e  t r a n s e c t s  o n  
Landsat which corresponded t o   t h e  same area covered by t h e  9 x 9 inch  
(23 X 23 cm) photo  frames  from  the medium a l t i t ude  imagery .  Th i s  
ope ra t ion  was performed by cons t ruc t ing  14  t r ansec t  "b locks"  tha t  were 
p ropor t iona l ly  sca l ed  to  the  Landsa t  imagery  acco rd ing  to  the  scale of 
the photo .frames used as case s tudy  areas. Hence, t h e  t r a n s e c t  b l o c k s  
were smaller s c a l e d  r e p l i c a t i o n s  o f  t h e  t r a n s e c t  sites taken from the 
medium a l t i t u d e  imagery  (Appendix B - 64) .  
Once t h e  s i z e  o f  t h e  t r a n s e c t  b l o c k s  had  been  es tab l i shed  for  the  
mul t i s ca l ed  Landsa t  da t a  used  in  the  s tudy ,  t he  b locks  were c a r e f u l l y  
drawn  on an  over lay  shee t  for  reg is t ra t ion  wi th  the  Landsa t  imagery .  The 
t r ansec t  b lock  ove r l ays  were then  v i sua l ly  r eg i s t e red  wi th  the  imagery  
us ing  s igni f icant  photomorphic  fea tures ,  such  as f i e l d  and f o r e s t  
p a t t e r n s  as guide l ines  for  ad jus tment .  
Although care w a s  t a k e n  i n  a d j u s t i n g  t h e  t r a n s e c t  b l o c k s  w i t h  t h e  
Landsa t  da t a ,  t he  accu racy  o f  t he  v i sua l  r eg i s t r a t ion  p rocess  w a s  
a f f e c t e d  by human e r r o r .  O t h e r  f a c t o r s  a l s o  c r e a t e d  a b e r r a t i o n s  i n  t h e  
t r a n s e c t   s c a l i n g  and  adjustment  procedure. F i r s t ,  photogrammetric 
elements such as photo t ilt ,  l e n s  d i s t o r t i o n ,  o r  s h r i n k a g e  and expansion 
of t he  f i lm ,  were not compensated for when de termining  the  scale of t h e  
photo frames. The exc lus ion  o f  t hese  f ac to r s  i n f luenced  the  sca l ing  o f  
t h e  t r a n s e c t  b l o c k s  t o  t h e  L a n d s a t  d a t a ,  b u t  t h e i r  e f f e c t  o n  t h e  
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TABLE 111 
~~ ~ 
TRANSECT # "- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10. 
11 
1 2  
1 3  
1 4  
WETLAND AREA PER T W S E C T  A S  CALCULATED 
FROM THE MEDIUM ALTITUDE PHOTOGRAPHY V I A  
THE DOT PLANTMETER 
ACRE S 
6,642.19 
1,564.11 
2,448.08 
3 ,812.36  
3,828.14 
885.88 
2,922.07 
4 ,958.16  
3,467.12 
3,187.73 
3,223.33 
5,556.69 
5 ,603.81  
3,662.77 
HECTARE S 
2,688.06  
632.99 
998.72 
1 ,542.84  
1 ,549.23  
358.51 
1 ,182 .55  
2,006.54 
1 ,403.12  
1 ,290.06  
1 ,304.46  
2,248.76 
2,267.83 
1 ,482 .26  
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r e g i s t r a t i o n  p r o c e s s  was mit iga t ed  s ince  the  ave rage  scale was computed 
for  each  photo  frame. Second, t he  t r ansec t  b lock  cons t ruc t ion  p rocedure  
assumed t h a t  t h e  scale of the Landsat imagery w a s  1:1,000,000, 
1:500,000, and 1:250,000. In r e a l i t y ,  t h e  scale of t h e  d a t a  v a r i e d  
s l i g h t l y  b e c a u s e  o f  i n t e r n a l  and e x t e r n a l  g e o m e t r i c  e r r o r s  i n  t h e  Land- 
sat system.  These scale a b e r r a t i o n s  as t h e  NMAS tests demonstrated,  
h o w v e r ,  had a minimal i n f l u e n c e  o n  t h e  s c a l i n g  o f  t h e  t r a n s e c t  b l o c k s .  
Th i rd ,  e r ro r s  were p resen t  i n  the  cons t ruc t ion  o f  t he  t r ansec t  b locks .  
Aberra t ions  c rea ted  by the  wid th  of  the  penc i l  l ead  used  to  draw the  
b locks ,  and  v i sua l  e r ro r s  i n  measurement of the blocks from the engi- 
n e e r ' s  scale were an  inevi tab le  par t  o f  the  cons t ruc t ion  procedure .  
" 
i: , 
Desp i t e  t he  p re sence  o f  t hese  e r ro r s ,  t hey  had only  a minor impact 
on t h e  t r a n s e c t  b l o c k  c o n s t r u c t i o n  and r e g i s t r a t i o n  p r o c e s s .  Each t r an -  
s ec t  b lock  had a n  e q u a l  s u s c e p t i b i l i t y  t o  a b e r r a t i o n s  a n d  t h e s e  e r r o r s ,  
t h e r e f o r e ,  were r e l a t i v e  i n  t h e i r  a f f e c t  on t h e  o v e r a l l  s c a l i n g  and 
alignment procedure.  
Area Gridding of Multiscaled JJandsat Imagery 
The nex t  s t ep  in  the  ve r i f i ca t ion  p rocedure  dea l t  w i th  the  measu re -  
ment of  wet lands within each t ransect  block on the Landsat  1:1,000,000, 
1:500,000, and 1:250,000 scale imagery. The area g r i d ,  as opposed t o  t h e  
dot  p lan imeter  or  modi f ied  acreage  gr id ,  was used to  measure the wet lands 
from the  Landsa t  t r ansec t  b locks .  In  an  eva lua t ion  o f  r e l i ab i l i t y  be- 
tween the  three  ins t ruments  for  measur ing  a test t r ansec t  b lock  on the  
1:250,000 scale imagery (Transect 115 - Confluence of the Middle and 
South Forks of the Obion R ive r ) ,  t he  area gr id  provided  the  most accur-  
a te  measurements i n  r e l a t i o n  t o  t h e  w e t l a n d  area measured from t h e  
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medium a l t i tude  photo  f rame.  The difference between the amount  of area 
measured v i a  t h e  area g r i d  and the photo frame measurements w a s  +53.45 
acres (+21.62 ha) ,  while  the dot  planimeter  and modif ied acreage gr id  
recorded  d i f fe rences  of  -72.37 acres ( - 2 9 . 2 9  ha) and -498 .68  acres 
(-201.81 ha)  respect ively.  Moreover ,  one goal  of  the s tudy w a s  t o  mea- 
s u r e  t h e  e n t i r e  West Tennessee  wetlands area f r o  t h e  most accu ra t e  
scale of  Landsat  data  as de te rmined  f rom the  r e l i ab i l i t y  t e s t ing  p roce -  
dure.  The area g r i d  w a s  more e f f i c i e n t  f o r  m e a s u r i n g  t h e  o v e r a l l  w e t -  
l ands  than  e i ther  the  dot  p lan imeter  or  the  modi f ied  acreage  gr id ,  s ince  
it covered a l a r g e r  area. Also,  t h e  area g r id  r equ i r ed  less movement 
t o  determine area, unl ike  the  o ther  ins t ruments  which  demanded f requent  
movement t o  o b t a i n  a continuous sample.  
4 
To measure the area of  wet lands  wi th in  each  t ransec t  b lock  f rom 
the mult iscaled Landsat  imagery,  the area g r i d  w a s  p laced  over  the  t ran-  
sect  block and a v i sua l  pe rcen tage  estimate w a s  made of t he  we t l ands  in  
each c e l l  of  t h e  area g r i d  t h a t  f e l l  w i t h i n  t h e  limits o f  t h e  t r a n s e c t  
block. The aggregate   percentage estimate of a l l  t h e  c e l l s  t h a t  c o v e r e d  
the  wet lands  wi th in  each  t ransec t  w a s  t hen  mul t ip l i ed  by a f t  /ac 
(m /ha )  equ iva len t  pe r  c e l l  a t  the  designated  Landsat  scale. This cal- 
c u l a t i o n  g a v e  t h e  t o t a l  area of the wetlands measured within the tran- 
sect bl 'ocks on the mutliscaled Landsat imagery. 
2 
2 
A percentage  of  accuracy  expressed  in  "real" and "abso lu te"  o r  
un re f ined  p ropor t ions  w a s  then  computed f o r  t h e  t o t a l  w e t l a n d  area i n  
each  transect  block  (Appendix B - 6 7 ) .  The real accu rac i e s  were com- 
puted using 100 pe rcen t  as t h e  h i g h e s t  a t t a i n a b l e  a c c u r a c y .  
Absolute  accuracies  were not based on a 100 percent  maximum and were 
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i n d i c a t i v e  o f  o v e r  e s t i m a t i o n s  i n  t h e  measurement of swampland area 
from the  Landsa t  da ta .  
f ie percentages  were based on the dot planimeter measurements of 
t h e  medium alt i tude photo frames, and the Landsat multiscaled imagery 
g r i d  estimates o f  t h e  swamplands w i t h i n  t h e  same t r a n s e c t  s i t e s  (Table 
I V ) .  These  aggregate  percentages  of  accuracy,  however,  do not   account  
for  the  s ize  or  a r rangement  of  the  wet land  parce ls  in  re la t ion  to  the  
area o f  t he  we t l ands  wi th in  the  t r ansec t  (Appendix B - 6 8 ) .  Also ,   the  
Landsat  accuracy percentages are s l igh t ly  b iased  towards  the  photo  
frame measurements; non-forested wetlands are e x t r e m e l y  d i f f i c u l t  t o  
d e t e c t  on Landsat ,  whereas  they have been enumerated in  the dot  plani-  
meter measurements of the photo frame transects.  
As Table IV i n d i c a t e s ,  t h e r e  is no t  a l a r g e  d e v i a t i o n  i n  t h e  total 
percentages of  accuracy computer  f rom the three scales of Landsat 
imagery   t es ted   in   the   s tudy .   Never the less ,   the   percentages   o f   accuracy  
presented  in  Table I V  cannot be accepted on face value alone. 
Severa l  under ly ing  fac tors  must be  cons ide red  in  an  ana lys i s  o f  Tab le  
IV. These are: 1) scale; 2)  ease of   wet land   ident i f ica t ion   and  
measurement; 3)  impor t ance   o f   t ona l   s igna tu re   con t r a s t  and  image clar- 
i t y ;  and 4 )  f ac to r s  t ha t  a f f ec t  t r ansec t  b lock  cons t ruc t ion  and  r eg i s -  
t rat  ion.  
Scale is t h e  most important  e lement  in  computing the T,andsat per-  
centages  of   accuracy.  The s c a l e  o f  t h e  i m a g e r y  g r e a t l y  a f f e c t s  t h e  
amount of wetland area t h a t  
ments of  the  Landsa t  da ta .  
(.25 c m  ) cel ls  on  the  area 
a r a t i o  o f  4 : l  at  1:500,000 
2 
can be est imated from the area g r i d  measure- 
The measurable area wi th in  the  .10 inch' 
g r id  a t  1:250,000 scale is p r o p o r t i o n a l  t o  
s c a l e  and 16:l at  1:1,000,000 scale. 
TABLE IV 
LANDSAT AREAL PERCENTAGES OF ACCURACY 
Transect# 1: 250K 1 : 500K 1 : lOOOK 
1 75.42  77.72  87.89 
2 96.98  96.72  98.12 
(103.02)  (103.29) 
3 96.46  99.80  91.17 
4 
5 
6 
7 
8 
9 
98.61  91.84  96.79 
(103.21) 
98.92  98.29  99.61 
(101.08)  (101.71) 
94.04  90.16  91.62 
(105.96)  (109.84) 
92.73  97.12  98.21 
(107.28)  (102.88) 
99.74  99.60  94.53 
(100.40) 
98.29  94.01  93.34 
(101.71)  (105.99) 
10 79.93  72.09  44.23 
11 
12 
13 
96.70  98.22 
(103.30) 
94.73 
96.14  94.67  98.59 
(105.33) (101.41) 
97.33  96.77 89.41 
(110.59) 
14 88.22  90.88  85.57 
Mean  93.54  92.71  90.27 
(Numbers  in  parenthesis  indicate  absolute  Landsat % of accuracy  values). 
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Thus, t h e  same area c o n t a i n e d  i n  f o u r  cells a t  1:250,000 scale is 
e q u i v a l e n t  t o  t h e  area i n  o n e  ce l l  a t  1:500,000 scale. A t  1:1,000,000 
scale t h e  amount of area i n  one ce l l ,  is p r o p o r t i o n a l  t o  t h e  area 
covered by 16 ce l l s  a t  1:250,000 scale. A l a r g e r  all-owance f o r  v i s u a l  
errors of omission and commission in wetland area es t ima t ion  pe r  g r id  
ce l l ,  t h e r e f o r e ,  i s  a v a i l a b l e  a t  1:250,000 scale  than a t  1:500,000  and 
1:1,000,000 scale. Conversely,   there  i s  a l s o  a g r e a t e r   o p p o r t u n i t y   f o r  
p r e c i s i o n  i n  v i s u a l  e s t i m a t i o n  from the 1:250,000 scale imagery,  s ince 
t h e  r a t i o  o f  area t o  ce l l  s i z e  is l a r g e r  t h a n  a t  1:500,000 or  
1 : 1 , 000,000 s c a l e .  
Another  fac tor  tha t  is  a s soc ia t ed  wi th  scale and c e l l  e s t ima t ion  
is t h e  s i z e  and conf igu ra t ion  o f  t he  we t l ands  tha t  are i d e n t i f i a b l e  o n  
the  multiscaled  Landsat  imagery. A t  1:500,000  and 1:1,000,000 s c a l e s ,  
small o r  s c a t t e r e d  w e t l a n d  p a r c e l s  are more d i f f i c u l t  t o  d e t e c t  t h a n  a t  
1:250,000 scale. The g r idd ing  o f  t hese  we t l and  t r ac t s  is f u r t h e r  com- 
p l i c a t e d  by the  p robab i l i t y  o f  a g rea t e r  pe rcen tage  o f  we t l and  ce l l  
e s t i m a t i o n  e r r o r  a t  t h e  smaller scales. 
Image sharpness  i s  an  add i t iona l  f ac to r  wh ich  in f luences  the  va lue  
of  the Landsat  areal percentages  of  accuracy.  Although  the  edge  sharp- 
ness  of  the  1:1,000,000 scale d a t a  is e x c e l l e n t ,  t h e  improvement i n  
image c l a r i t y  ove r  t he  1 :500 ,000  and 1:250,000 scale d a t a  is o f f s e t  by 
the  r e l a t ionsh ip  o f  t he  smaller s c a l e  t o  c e l l  area s i z e ,  and t h e  e f f e c t  
of errors of omission and commission on the gridding procedure.  
For example, a 25 p e r c e n t  g r i d  c e l l  e s t i m a t i o n  e r r o r  a t  1:250,000 scale 
c rea t ed  by t h e  i n d i s t i n c t  s e p a r a t i o n  o f  t o n a l  s i g n a t u r e s  a t  the  wet land  
f r i n g e s  i s  equ iva len t  t o  24 .91  ac re s  (10 ha ) .  An e r r o r  o f  t h i s  magni- 
tude,  however, would be uncommon a t  1:250,000 scale.  In c o n t r a s t ,   a n  
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e s t i m a t i o n  a b e r r a t i o n  of 10  pe rcen t  a t  1:500,000 and 1:1,000,000, which 
is  more t h e  r u l e  t h a n  t h e  e x c e p t i o n ,  e q u a l s  39.86 acres (16.13 ha) and 
159.42 acres (64 .52   ha)   respec t ive ly .   Despi te   the   decrease   in   edge  
sharpness  a t  1:250,000 scale,  a s u b s t a n t i a l  v i s u a l  e r r o r  o f  commission 
or  omiss ion  in :gr idding  wet lands  would n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
pe rcen tage  o f  accu racy  in  compar i son  to  similar aber ra t ions  exper ienced  
a t  the 1:500,000.and 1:1,000,000 scales. 
L a s t l y ,  t h e  f a c t o r s  t h a t  a f f e c t  t r a n s e c t  b l o c k  c o n s t r u c t i o n  a n d  
r e g i s t r a t i o n  must be considered when assess ing  the  aggrega te  percen-  
tages   of   accuracy  f rom  the  mult iscaled  Landsat   imagery.  It is easier 
t o  measu re ,  cons t ruc t ,  and  r eg i s t e r  t he  t r ansec t  b locks  a t  1:250,000 
scale than  it is  a t  1:500,000  and 1:1,000,000 sca l e .  S ince  the  t r an -  
sect blocks are cons t ruc ted  us ing  an  engineer ' s  sca le ,  there  i s  less 
chance  for  human measurement e r r o r  a t  1:250,000 than a t  t h e  o t h e r  two 
image s c a l e s .  It is a l s o  easier t o  r e g i s t e r  t h e  t r a n s e c t  b l o c k s  a t  
1:250,000 scale s ince  the  photomorphic  fea tures  appear  la rger .  
Moreover,  any e r r o r  t h a t  is made in  the  t r ansec t  b lock  cons t ruc t ion  and  
r eg i s t r a t ion  p rocedure  is i n t e n s i f i e d  o n  t h e  smaller scaled Landsat 
imagery. 
Linear Transect Measurements 
In  addi t ion  to  the  Landsa t  wet land  areal tests, a l i n e a r  measure- 
ment ana lys i s  of  the  wet lands  w a s  conducted for comparison with the 10- 
to-the-inch cell  grid  measurements  of  each  transect.  The l i n e a r  
measurements determined how v a r i a n c e s  i n . i m a g e  c l a r i t y  and scale a f f e c t -  
ed g r i d  c a l c u l a t i o n s  a l o n g  s t r a i g h t  l i n e s  t h a t  p a s s e d  t h r o u g h  t h e  w e t -  
l a n d s  i n  e a c h  t r a n s e c t .  The l i n e a r  measurements were a l s o  a test of 
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a c c u r a c y  f o r  t h e  measurement of cross-sectional phenomena, such as 
highway cons t ruc t ion  and channel izat ion.  
The l i n e a r  measurements were i n i t i a l l y  made a long  two perpendicular  
l i n e s  wh ich  connec ted  thexorne r  fud ic i a l  marks on t h e  9 x 9 inch photo 
frames used as t r a n s e c t  sites. To exped i t e  t he  p rocedure ,  l i nes  were 
t raced on an acetate ove r l ay  shee t .  The over lay  shee t  was t h e n  f i t t e d  
to  each photo frame, thereby  e l imina t ing  the  need  to  draw l ines  for  each  
t r a n s e c t  site. Measurements were a l s o  made a l o n g  p e r p e n d i c u l a r  l i n e s  
which connected the corners of each Landsat transect block for compari-  
son  wi th  the  medium a l t i t u d e  i m a g e r y .  A percentage of accuracy w a s  then  
computed based on how correct  the Landsat  l inear  measurements  were i n  
comparison with the same measurements on the medium a l t i t u d e  p h o t o  
frames (Appendix B - 72 ).  
A s  Table V i nd ica t e s ,  t he  Landsa t  l i nea r  pe rcen tages  o f  accu racy  
g e n e r a l l y  f a l l  i n  t h e  80 t o  90 pe rcen t i l e  r ange .  L i t t l e  c o r r e l a t i o n ,  
however, e x i s t s  between accurac ies  for  perpendicular  measurements  wi th in  
t h e  same t r a n s e c t  s i t e  on the  mul t i sca led  Landsa t  da ta .  This  incons is -  
tency  in  percentages  of  accuracy  is a t t r i b u t a b l e  t o  s e v e r a l  f a c t o r s :  
1) t h e  scale of the imagery and the type of measurement instrument used; 
2)  image c l a r i t y . ;  3)  the  s ize  and  aggrega t ion  of  the  wet lands  or  w e t -  
l a n d  p a r c e l s  w i t h i n  t h e  t r a n s e c t ;  and 4 )  e r r o r s  i n  t r a n s e c t  b l o c k  
r e g i s t r a t i o n .  
Scale  is t h e  most i n f l u e n t i a l  f a c t o r  i n  t h e  L a n d s a t  l i n e a r  v e r i f i -  
ca t ion  procedure .  An eng inee r ' s  scale w a s  used t o  measure l i n e a r  d i s -  
t ances  on t h e  medium al t i tude photo frames and the Landsat  1:250,000 
s c a l e  imagery, while a magnifying hand-held mono-comparator w a s  employed 
t o  measure the wetlands from the 1:1,000,000 scale imagery. The  compar- 
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TABLE V 
LANDSAT  LINEAR  PERCENTAGES OF ACCURACY 
(Lines 1 & 2)* 
Transect# 1 : 250K 1 : 500K 1 : lOOOK 
1 78.32193.09 78.94188.05 83.88180.05 
2  99.10162.45 98.58161.61 96.55158.00 
3  99.16195.48 95.28193.82 92.84188.89 
4  95.77192.22 97.73193.35 91.42196.04 
5  100.00197.75 98.27197.81 98.27197.81 
6  90.54195.93 89.83198.32 91.26197.20 
7  99.14169.22 96.04163.18 99.63189.66 
8  98.91199.22 82.27195.25 97.74195.25 
9  93.64169.59 98.77182.88 99.50197'.  26 
10 98.66197.36 95.81191.99 87.74198.13 
11 95.44186.08 95.38199.78 95.38181.34 
12 96.94178.23 89.70198.14 88.71194.75 
13 98.29194.69 92.88193.73 88.23189.47 
14 86.58185.88 89.68198.57 84.96197.37 
Mean 1 & 2 95.04186.94 92.80189.75 92.58190.09 
Total  Mean 90.99 91.28 91.34 
*Line 1 is the  measurement  from NW to SE  corners; Line 2 is the 
measurement  from SW to NE corners. 
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a t o r  was equipped with a 15 mm l inear  scale and measurements were 
made t o  t h e  n e a r e s t  0 .1  mm. There was l i t t l e  problem in .  ob ta in ing  
wetland measurements from the 1:250,000 and 1:1,000,000 scale d a t a ;  
bo th  the  eng inee r ' s  scale and t h e  mono-comparator were p r e c i s e  enough 
a t  t h e i r  r e s p e c t i v e  scales t o  p r o v i d e  r e l i a b l e  v i s u a l  l i n e a r  measure- 
ments. The q u a l i t y  o f  image sharpness  a t  1:250,000 scale and t h e  
small scale of  the 1:1,000,000 scale d a t a ,  however, were f a c t o r s  t o  
c o n s i d e r  i n  t h e  l i n e a r  measurement process. 
The mono-comparator w a s  a l s o  u s e d  f o r  measurement of t h e  l i n e a r  
wet land  cross  sec t ions  on  the  1 :500 ,000  scale imagery,  a l though the 
magni f ica t ion  proper t ies  of  the  ins t rument  caused  the  swampland t o n a l  
s igna tu res  to  b lu r .  Desp i t e  t h i s  d rawback ,  t he  15 mm scale o n  t h e  
mono-comparator w a s  more p r e c i s e  f o r  measurement a t  1:500,000 than w a s  
t h e  e n g i n e e r ' s  scale. Consequently,   aberrations  produced by t h e  magni- 
f i c a t i o n  of t h e  mono-comparator were not  as s e r i o u s  as those  genera ted  
by the  g ross  scale o f  t he  1 /60 th  inch  measurement on the engineer 's  
scale. 
O t h e r  f a c t o r s  r e l a t e d  t o  scale which inf luence the l inear  measure-  
ments are image c l a r i t y  and t h e  s i z e  the  aggrega t ion  o f  t he  we t l and  
p a r c e l s  w i t h i n  t h e  t r a n s e c t s .  The edge sharpness  and the scale  of  the 
imagery determine the amount  of w e t l a n d s  d e t a i l  t h a t  is i d e n t i f i a b l e  o n  
the  Landsa t  da ta .  A t  1:250,000 scale the  acu tance  o f  t he  imagery i s  
p o o r  i n  c o n t r a s t  t o  the 1:500,000 and 1:1,000,000 scale d a t a ;  d e t a i l s  
are "fuzzy" and tonal  s ignatures  are d i f f i c u l t  t o  s e p a r a t e .  
Small ,  scat tered wet lands are de tec tab le  on  the  1 :250 ,000  sca le  imagery ,  
b u t  l i n e a r  measurement of these parcels i s  d i f f i c u l t  b e c a u s e  o f  t h e  
r e d u c t i o n  i n  image c l a r i t y .  
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Although the edge sharpness of the imagery is  improved a t  
1:500,000 and 1:1,000,000 scales, . the  wet lands  parce ls  are smaller i n  
s i ze ,  and ,  t he re fo re ,  are more d i f f i c u l t  t o  d e t e c t  and  measure. 
Also,  any e r r o r  i n  measurement from t h e  1:500,000 and 1:1,000,000 scale. 
imagery is  accentua ted  in  compar ison  wi th  the  same a b e r r a t i o n  a t  
1;250,000 scale  because of t h e  small image scale. A s  Table V i l l u -  
strates, t h e  improved c l a r i t y  of  the imagery a t  1:500,000 and 
1:1,000,000 scales over  the 1:250,000 scale d a t a  i n c r e a s e s  l i n e a r  
measurement  accuracy.  These  figures  result more from er ror  caused  by 
in s t rumen t  abe r ra t ions ,  however, than by a n  i n c r e a s e  i n  r e l i a b i l i t y  of 
t h e  l i n e a r  measurements a t  t h e  smaller s c a l e s .  
Another problem which a f f e c t s  t h e  l i n e a r  measurements i s  t r a n s e c t  
b lock  reg is t ra t ion  e r ror .  S ince  the  l inear  measurements  are made a long  
pe rpend icu la r  l i nes  wi th in  the  t r ansec t  b lock ,  any  abe r ra t ion  in  tran- 
sect b l o c k  r e g i s t r a t i o n  w i l l  in f luence  the  pos i t ion ing  of  the  measure-  
ment l i n e s  i n  r e f e r e n c e  t o  t h e i r  l o c a t i o n  on t h e  case study photo 
frames. An e r r o r   i n   r e g i s t r a t i o n ,   t h e r e f o r e ,  w i l l  have   s ign i f i can t  
impact on t h e  r e l i a b i l i t y  o f  t h e  w e t l a n d  l i n e a r  measurements. 
Although the clar i ty  of  the wet lands on the 1:500,000 and 1:1,000,000 
scale imagery i s  sha rpe r  t han  a t  1:250,000, i t  is more d i f f i c u l t  t o  
p rope r ly  r eg i s t e r  t he  t r ansec t  b lock  wi th  the  imagery  a t  t h e  smaller 
scales. The we t l and  de ta i l s  u sed  fo r  o r i en ta t ion  on  the  imagery are 
smaller on t h e  1:500,000 and 1:1,000,000 scale imagery i n  comparison 
with  the  1:250,000 scale data .   Consequent ly ,   aberrat ions  in   placement  
of t h e  p e r p e n d i c u l a r  l i n e s  f o r  l i n e a r  w e t l a n d  measurement are more 
l i k e l y  t o  o c c u r  o n  t h e  smaller s c a l e d  d a t a  d e s p i t e  t h e  improved edge 
sharpness  over  the 1:250,000 scale Landsat imagery. 
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The f a c t o r s  t h a t  a f f e c t  t h e  linear wet land accuracy procedure,  
like t h o s e  . t h a t  i n f l u e n c e  t h e  areal p e r c e n t a g e s  o f  r e l i a b i l i t y ,  do 
n o t  i n v a l i d a t e  t h e  r e s u l t s  l i s t e d  i n  Table  V. S i n c e  n e i t h e r  t h e  f r e -  
quency nor  the impact  of  these aberrat ions can be measured,  they must 
be considered relative o v e r a l l  i n  a n  a n a l y s i s  o f  t h e  L a n d s a t  p e r c e n t a g e s  
o f  accu racy .  Desp i t e  t he  p re sence  o f  unavo idab le  e r ro r s ,  t he re fo re ,  
accurate  l inear  measurements  of we t l ands  o r  we t l and-ke la t ed  phenomena 
can be obtained from Landsat imagery. 
Rela t ionship  Between Landsat  Mult iscaled Areal 
and Linear Percentages of Accuracy 
As i l l u s t r a t e d  by t h e  m u l t i s c a l e d  areal and  l i nea r  pe rcen tages  of 
accuracy enumerated i n  T a b l e s  IV and V ,  Landsat is a r e l i a b l e  medium 
for  measur ing  wet lands  in  West Tennessee  us ing  v isua l  techniques .  
A c l a s s i f i c a t i o n  a c c u r a c y  o f  85 p e r c e n t  o r  g r e a t e r  is considered 
accep tab le  acco rd ing  to  the  USGS Land Use and Land Cover System. 
Based o n  t h i s  r e l i a b i l i t y  f i g u r e ,  t h e  L a n d s a t  d a t a  t e s t e d  i n  t h e  s t u d y  
can  be  cons idered  accura te  for  measur ing  and  mapping wetlands in W e s t  
Tennessee. 
Although the mean percentages  of  accuracy  for  the  Landsa t  mul t i -  
s c a l e d  areal and linear measurements are g r e a t e r  t h a n  90 p e r c e n t ,  t h e r e  
is l i t t l e  c o r r e l a t i o n  b e t w e e n  t h e  c o r r e s p o n d i n g  t r a n s e c t  v e r i f i c a t i o n  
test r e s u l t s  i n  T a b l e s  IV and V.  A h igh  areal percentage of accuracy 
consequent ly ,  does not  assure  a cor respondingly  h igh  l inear  percentage  
of  precis ion and vice-versa .  
I n  t h e  l i n e a r  tests, i f  a l i n e  p a s s e s  t h r o u g h  swamplands t h a t  are 
composed of small, s c a t t e r e d ,  w e t l a n d  p a r c e l s  t h e  area w i l l  b e  d i f f i c u l t  
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to  measure  and  the  l inear  percentage  of  accuracy  w i l l  be  poor  regard less  
o f  t h e  areal pe rcen tage .  S ince  the  l i nea r  pe rcen tages  of accuracy are 
t h e  r e s u l t s  o f  two c ross - sec t iona l  tests o f  t h e  w e t l a n d s  i n  a t r a n s e c t ,  
they  may o r  may n o t  c o r r e l a t e  w i t h  e a c h  o t h e r  o r  w i t h  t h e i r  c o r r e s p o n d -  
ing  areal p e r c e n t a g e s  o f  r e l i a b i l i t y .  "he l inea r  pe rcen tages  of 
accuracy ,  therefore ,  are less s i g n i f i c a n t  as a determinant  of Landsat 
wetlands  measurement r e l i a b i l i t y  t h a n  are t h e  areal accuracy  f igures .  . 
The l inea r  pe rcen tages  o f  accu racy  are important  nonetheless ,  because 
t h e y  r e i n f o r c e  t h e  r e s u l t s  o f  t h e  IrMAS e v a l u a t i o n ;  t h e  l i n e a r  f i g u r e s  
provide a p o s i t i v e  test of  the geometr ic  f idel i ty  of  the Landsat  imagery 
a long  a c ross - sec t iona l  pa th .  Moreover, t h e  l i n e a r  p e r c e n t a g e s  o f  
accu racy  i l l u s t r a t e  t ha t  po in t - to -poh t  we t l ands  da t a  can  r e l i ab ly  be  
measured from Landsat imagery using visual techniques. 
To ta l  Area Measurements of t h e  West Tennessee 
Wet lands  from  Landsat 
Upon completion of the Landsat areal  and l i n e a r  v e r i f i c a t i o n  p r o c e -  
d u r e s ,  t h e  n e x t  r e s e a r c h  o b j e c t i v e  was t o  measure  the  to ta l  wet lands  
area i n  West Tennessee  v ia  the  most a c c u r a t e  scale of Landsat imagery 
used i n  t h e  s t u d y .  The ana lys i s  of  Tables  I V  and V i l l u s t r a t e d  t h a t  
t h e  problc?ms assoc ia ted  wi th  the  1 :250 ,000  scale imagery were out-  
weighed by the  bene f i t s  o f  work ing  a t  a scale larger  than 1:500,000 
o r  1 :1 ,000 ,000 .  Desp i t e  t he  l imi t a t ions  in  image c l a r f t y  a t  1:250,000 
scale, it w a s  easier t o  r e g i s t e r  t h e  t r a n s e c t  b l o c k s  and measure the 
wetlands a t  t h i s  scale of imagery i n  comparison with the smaller sca led  
d a t a ;  t h e r e  w a s  a l s o  less c h a n c e  f o r  e r r o r  and a g r e a t e r  p o s s i b i l t t y  f o r  
p r e c i s 2 o n  i n  t h e  r e g i s t r a t i o n  and measurement process  a t  1:250,000 scale 
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than  a t  1:500,000 o r  1:1,000,000 s c a l e .  The 1 : 2 5 0 , 0 0 0  scale imagery 
a l s o  had a h igher  percentage  of o v e r a l l  areal accuracy  than  the  
1:500,000 and 1:1,000,0,00 scale Landsat  data .  
The.West Tennessee wetlands were v i s u a l l y  measured from t h e  
1 : 2 5 0 , 0 0 0  scale imagery  using  the area g r i d .  The percentage  of wet- .  
l a n d s  i n  e a c h  c e l l  w a s  mu l t ip l i ed  by t h e   f t  /ac (m / ha )  pe r  c e l l .  2  2 
A t  the Landsat  
gr id  conta ined  
ha) .  The area 
scale of 1 : 2 5 0 , 0 0 0 ,  each  ce l l  w i th in  the  10 - to - the - inch  
4,340,277.78 f t  (403,221.64 m ) o r  99.64 acres (40 .32  
gr id  was reg is te red  to  the  Landsa t  da ta  through the  use  
2  2 
of an alphanumeric  coordinate  system that  w a s  f i t t e d  t o  t h e  i m a g e r y .  
Measurement da ta  taken  f rom the  wet lands  wi th in  the  one  inch  square  
blocks on t h e  area g r id  were re ferenced  wi th  the  coord ina te  sys tem and 
i n d e x e d  f o r  u s e  i n  t h e  c a l c u l a t i o n  of t h e  t o t a l  West Tennessee wetland 
area. 
A t  f i r s t ,  t h e  g r i d  measurement procedure was time consuming and 
d i f f i c u l t .  A f t e r  a n  i n i t i a l  p e r i o d  o f  f a m i l i a r i z a t i o n ,  however,  pro- 
f i c e n c y  i n  t h e  area g r id  measurement ope ra t ion  subs t an t i a l ly  inc reased .  
The most d i f f i c u l t  areas t o  g r i d  were similar to  the problem areas 
encountered in  the Landsat  wet land mapping procedure: 1) a t  the upper  
r e a c h e s  a n d  t r i b u t a r i e s  of t h e  Obion, Forked Deer, and Ratchie  Rivers; 
2 )  t h e  measurement of small wet land  parce ls  or  areas of broken swamp- 
lands;  and 3 )  t h e  i d e n t i f i c a t i o n  and  measurement  of  non-forested w e t -  
lands from the imagery. 
The uppe r  r eaches  and  t r ibu ta r i e s  o f  t he  Obion,  Forked Deer, and 
Hatchie  Rivers were t h e  most d i f f i c u l t  areas t o  gr id .   Wetlands  in  
t h e s e  areas are narrow and t h e i r  t o n a l  s i g n a t u r e s  b l e n d  w i t h  t h e  s u r -  
rounding   up land   fores t   s igna tures .  The in te rmixing  of evergreen w i t h  
7 9  
deciduous trees on the  r idge  tops  and  up land  s lopes  in  the  eas t e rn  po r -  
t i o n  o f  t h e  West Tennessee study area, produces a s i g n a t u r e  similar t o  
t h a t  d i s p l a y e d  by wetlands.  The ro l l i ng ,  d i s sec t ed  topography  a t  t h e  
upper  reaches compounds the problems caused by the  in te rmixing  of ever- 
green and deciduous vegetation; shadows i n  t h e  v a l l e y s  o b s c u r e  w e t l a n d s  
i n  many cases and create a s i g n a t u r e  t h a t  m i m i c s  t h a t  o f  f o r e s t e d  swamp- 
lands.  
Although the  problems encountered  in  the  gr id  procedure  a t  t h e  
upper  reaches of  the Obion,  Forked Deer, and Hatchie Rivers involve 
v i s u a l  e r r o r s  o f  commission and omission, these aberrations do no t  
r a d i c a l l y  al ter the overall  wetland measurements from the 1:250,000 
scale Landsat  data .  It is only  a t  the upper  headwaters  of  the streams, 
where the  wet lands  nar row and  the  tona l  s igna tures  become weak, t h a t  a 
d e f i n i t e  v i s u a l  d e l i m i t a t i o n  p r o b l e m  arises. The marg ina l  s t r e t ches  
of wetlands a t  the  upper  reaches  conta in  less swampland area i n  compar- 
i son  wi th  the  downstream wetlands,  and the errors associated with these 
areas are correspondingly reduced. 
Broken and small parce ls  of  wet lands  a l so  c rea ted  problems in  the  
wetland area measurement  procedure.   Agricultural   clearing  and  encroach- 
ment have reduced some fores ted  wet land  areas t o  patchwork; gridding 
t h e s e  areas w a s  d i f f i c u l t  s i n c e  v i s u a l  e s t i m a t i o n  w a s  a piecemeal opera- 
t ion .  Parce ls  of  wet lands  wi th in  the  Miss i ss ippi  River f loodp la in  were 
d i f f i c u l t  t o  d e l i m i t  a n d  g r i d  b e c a u s e  t h e  w e t l a n d s  were small and of ten 
exh ib i t ed  weak t o n a l  s i g n a t u r e s .  S i g n i f i c a n t  v i s u a l  measurement e r r o r s  
of commission o r  omiss ion  wi th in  the  Miss i s s ipp i  A l luv ia l  Va l l ey ,  t he re -  
fo re ,  were i n e v i t a b l e .  
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A n o t h e r  s o u r c e  o f  d i f f i c u l t y  i n  t h e  t o t a l  w e t l a n d s  measurement 
procedure w a s  t h e  i d e n t i f i c a t i o n ,  d e l i m i t a t i o n ,  a n d  g r i d d i n g  o f  non- 
forested wetlands from the Landsat 1:250,000 scale imagery. 
Non-forested wetlands were d i f f i c u l t  t o  d e t e c t  b e c a u s e  t h e i r  s i g n a t u r e s  
v a r i e d  i n  t o n e  and co lor .  Wet lands  tha t  recent ly  had  been  cut-over 
were de tec tab le  because  they  d isp layed  a l i gh t  b lue -g ray  s igna tu re  on 
the  co lor  in f ra red  Landsa t  imagery .  Wetland areas t h a t  had once  been 
c leared  but  were no t  cu l t i va t ed  a t  t h e  time t h e  imagery w a s  taken,  
however, were e x t r e m e l y  d i f f i c u l t  t o  i d e n t i f y  and  measure. The regrowth 
vegetat ion of  cut-over  wet lands exhibi ted a t o n a l  s i g n a t u r e  t h a t  was  
a lmos t  i nd i s t ingu i shab le  f rom the  su r round ing  ag r i cu l tu ra l  l ands .  
Areas wi th  l i t t l e  o r  no ground cover were e x t r e m e l y  d i f f i c u l t  t o  de- 
l i m i t  and measure, even when i d e n t i f i e d  on t h e  medium a l t i t u d e  aerial  
pho tography ,  because  the  tona l  s igna tu res  in t e rmixed  wi th  ag r i cu l tu ra l  
o r  fo re s t ed  a reas .  Wet l ands  tha t  had  been r e c e n t l y  c l e a r e d  were a l s o  
d i f f i c u l t  t o  g r i d  a t  the contact  zone with urban areas, such as 
Jackson, Tennessee,  where built-up land encroached into the wetlands 
and appeared as non-forested swamplands. 
The only non-forested wetlands tbat were p o s i t i v e l y  i d e n t i f i e d  
were sandbars  and mudflats  associated with the Mississ ippi  River. 
These non-forested wetland areas were included i n  t h e  West Tennessee 
measurements i f  t h e y  were connected with the lowlands on the eastern 
bank of t h e  r i v e r .  Also, l a r g e  water bod ies  a s soc ia t ed  wi th  s ign i f i can t  
areas of wetlands,  such as Reelfoot Lake, were c l a s s i f i e d  as non- 
forested wet lands.  
Although the problems of  d e l i m i t i n g  and gr idding non-fbrested 
wet lands  f rom the  imagery  resu l t  in  v i sua l  e r rors  of  omiss ion  and  com- 
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TABLE V I  
TOTAL WETLAND AREA (ACNAGES) FROM 
LAXIISAT 1:250,000 SCALE IMAGERY 
Location . ., .Forested ' . ' " 'Non-fdrested . ' . ' ' ' ' T o t a l  
Reelfoot  20,862.43 Ac 6,285.23 Ac 27,147.66 Ac 
Lake 8,442.65 Ha 2,543.60 Ha 10,986.51 H a  
Obion River 20,202.82 Ac 20 , 202.82 Ac 
North  Fork  8,175.97 Ha 8,175.97 Ha 
Obion River 17,222.61 Ac 17,222.61 Ac 
Middle  Fork 6 ,  969.90 Ha 6,969.90 Ha 
Obion River 15,129.20 Ac 15,129.20 A c  
South  Fork  6,122.70 Ha 6,122.70 H a  
Obion River 697.47 Ac 697.47 Ac 
Rutherford Fk.  282.26 Ha 282.26 Ha 
Obion River  35 , 248.81 Ac 232.16 A c  35,480.97 Ac 
Ma i n  Channel  14,265.00 Ha 93.95 Ha 14 , 358.95 Ha 
Ob i o n  River 88,500.91 Ac 232.16 A c  88,733.07 A c  
Total   35,815.83 Ha 93.95  35,909.78 H a  
Forked Deer R. 21,997.32 Ac 21,997.32 Ac 
North  Fork  8,902.19 Ha 8,902.19 Ha 
Forked Deer R. 25,055.24 Ac 1,020.30 Ac 26,075.54 A c  
Middle  Fork  10,139.72 H a  412.91 H a  10,552.63 Ha 
Forked Deer R.  57 , 535.57 Ac 1,715.78 AC 59,251.35 Ac 
South  Fork  23,284.33 Ha 694.37 H a  23,978.69 Ha 
Forked Deer R. 104 , 588.13 Ac 2,736.08 Ac 107,324.21 Ac  
Total   42,326.24 H a  1,107.28 Ha 43,433.51 Ha 
Hatchie 104 , 753.54 A c  1,754.64 A c  106,508.18 Ac  
River  42,393.18 Ha 710.09 Ha 43,103.27 Ha 
Mississ ippi   151,041.87 A c  4,926.16 Ac 155,968.03 A c  
River  
Lowlands 61  , 125.81 Ha 1,993.59 H a  63,119.40 H a  
West 469,746.88 Ac  15,934.27 Ac 485 , 681.15 Ac 
Tennessee 
Wet l a n d s  
Total  190,103.96 Ha 6,448.51 H a  196,552.47 Ha 
Ac = Acres 
Ha = Hectares 
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mis s ion ,  t hese  abe r ra t ions  have a minimal a f f e c t  on t h e  West Tennessee 
swampland area summary. The ma jo r i ty  of the non-forested wetlands 
w i t h l n  t h e  s t u d y  area are loca ted  a t  the  we t l and  f r inges ;  t hey  are 
marg ina l  we t l ands ,  and  the  e r ro r s  a s soc ia t ed  w i t h  non-forested wetlands,  
t h e r e f o r e ,  do not  inva l ida te  the  overa l l  measurements  f rom the  Landsa t  
1;250,000 scale imagery. 
Resu l t s  0 4  Wetlands Measurement from Landsat 1:250,000 
Scale Imagery and Computation of the 'Bean Deviat ion 
A S  Tqble VI indicates,  485,861.15 acres 096,552.47 ha) of wetlands 
were measured from the 1:250,000 scale Landsat imagery via t h e  g r i d  c e l l  
es t imat ion  procedure.   Since  the mean areal percentage  of  accuracy  for  
t h e  1:250,000 scale imagery w a s  93.54 pe rcen t  (real) and 96.93 percent 
( abso lu t e ) ,  it was assumed tha t  the  to ta l  wet land  measurements  would 
e x h i b i t  t h e  same l e v e l  of prec is ion .  This  percentage  of  accuracy,  how- 
ever, i s  s u b j e c t  t o  v a r i a t i o n  s i n c e  t h e  i n d i v i d u a l  p e r c e n t a g e s  of 
accu racy  in  Tab le  I11 d e v i a t e  f r o m  t h e i r  mean a t  1:250,000 scale. 
The d i spe r s ion  abou t  t he  mean is caused by the over- and under-estima- 
t i on  o f  we t l ands  wi th in  the  Landsa t  t r ansec t  b locks  i n  r e l a t i o n  t o  t h e  
swamplands area measured i n  t h e  1 4  photo frames. 
The mean dev ia t ion  w a s  ca l cu la t ed  fo r  t he  fo re s t ed ,  non- fo res t ed ,  
and  ove ra l l  we t l and  to t a l s  as an index of omission or commission i n   t h e  
areal g r id  measurement procedure (Table V I I )  (Appendix B - 82 ).  
The mean devia t ion  has  been  used  to  measure  the  d ispers ion  about  the  
mean ra ther  than  the  s tandard  devia t ion ,  because  the  l a t te r  can give 
u n r e l i a b l e  r e s u l t s  when the  spread  about  the  mean is  l a r g e ;  extreme 
devia t ions  f rom the  mean, t he re fo re ,  s t rong ly  a f f ec t  t he  s t anda rd  dev ia -  
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t i o n  from 
i n d i c a t e ,  
t h e  mean.27 A s  the  Landsa t  areal percentages of accuracy 
t h e r e  are only a few extreme devia t ions  f rom the  mean. 
These deviations would have a pronounced influence on the spread about 
t h e  mean i f  t h e  s t a n d a r d .  d e v i a t i o n  had been computed f o r  t h e  areal 
percentages  of  accuracy .  Also, the ca lcu la t ion  of  the  s tandard  devia-  
t i o n  would b e  s t a t i s t i c a l l y  t e n u o u s  s i n c e  t h e  w e t l a n d s  m e a s u r e d  f r o m  
t h e  14  t r ansec t  sites are no t  un i fo rm in  s i ze ,  shape ,  o r  composition. 
Hence, t h e  mean dev ia t ion  is more u s e f u l  f o r  p r e s e n t i n g  a d e s c r i p t i v e  
s ta t i s t ica l  ana lys i s  of  the  wet land  gr id  es t imat ion  var iances  f rom the  
1:250,000 scale Landsat overall measurements, than i s  the  s t anda rd  
dev ia t ion .  
Table  V I 1  i n d i c a t e s  t h a t  t h e  t o t a l  mean dev ia t ion  we t l and  r e s idua l s  
equal  26,275.35 acres (10,633.49  ha)  and  33,609.14  acres  (13,601.43  ha) 
f o r   t h e  real and absolu te   devia t ion   percentage   va lues  of - + 5.41 and 
- + 6.92 percent ,  respect ively.  The aggrega te  var iance  in  the  percentages  
of accuracy determined from the Landsat 1:250,000 scale wetlands mea- 
surements would be a maximum of 98.95 pe rcen t  (real) and 103.85 percent 
(absolu te )  , and a mimimum of 88.13 percent (real) and 90.01 percent 
( abso lu t e ) .  The poss ib i l i ty  of  over -  or  under -es t imat ion  in  the  West 
Tennessee wetland area t o t a l s   t o   t h e  maximum o r  minimum l e v e l  f o r  t h e  
real and abso lu te  mean d e v i a t i o n  r e s i d u a l s  i s  remote. Even a t  t h e  
minimum l e v e l  o f  real and absolute  accuracy,  however ,  the wet lands 
area aggrega te  would s t i l l  be  wi th in  the  85 p e r c e n t  r e l i a b i l i t y  s t a n -  
da rds  ou t i ined  by t h e  USGS Land Use and Land Caver C l a s s i f i c a t i o n  
System. 
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TABLE V I 1  
MEAN DEVIATION EQUIVALENTS AT LANDSAT 
1:250,000 SCALE 
Forested  Non-forest d 
. 5.41% + - 25,413.31 Ac 862.04 Ac  
(Real 1 10,284.63 Ha 348.86 H a  
- 
+ - 6.92%  32,506.48 A c  1,102.65 Ac 
(Absolute)  13,155.19 Ha 446.24 Ha 
- 
To t a l  
26,275.35 Ac 
10,633.49 Ha 
33,609.14 Ac 
1 3  , 601.43 Ha 
Comparison of 1:250,000 Scale Measurements t o  Wetland 
Measurements -~ from  High A l t i t u d e  Aircraft Imagery 
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A s  a tes t  of accuracy, the Landsat 1:250,000 scale ove ra l l  we t l and  
measurements were compared wi th  a g r i d  ce l l  measurement of t h e  West 
Tennessee swamplands from 1:130,000 scale, c o l o r  i n f r a r e d ,  U-2 a i r c r a f t  
imagery of  t h e  s t u d y  area (Figure 9 ) .  The wet lands were measured  inde- 
pendent ly  of  the Landsat  areal c a l c u l a t i o n s  by D r .  Rehder. These g r i d  
cell  measurements were u t i l i z e d  as an unbiased comparat ive index for  
a s s e s s i n g  the r e l i a b i l i t y  o f  t h e  L a n d s a t  1:250,000 scale w e t l a n d  t o t a l  
area f i g u r e s .  The r e s u l t s  of t h e  h i g h  a l t i t u d e  measurements along with 
the corresponding Landsat  gr id  ce l l  computations are l i s t e d  in  Table 
V I I I .  
The t a b l e  i l l u s t r a t e s  t h a t  a c l o s e  c o r r e l a t i o n  is present between 
the  independen t ly  g r idded  h igh  a l t i t ude  and Landsat imagery areal 
measurements fo r  Ree l foo t  Lake  and t h e  Obion,  Forked Deer, and Hatchie 
Rivers .  The d i f fe rence   be tween  the  two wetland area s u b t o t a l s  i s  
4,054 acres (1,640 h a ) ;  t h i s  i s  equiva len t  to  an  agreement  of 98.79 
percent for the Landsat wetland measurements as compared t o  t h e  swamp- 
land area g r idded  f rom the  h igh  a l t i t ude  a i r c ra f t  imagery .  
A l l  of t h e  d i s p a r i t i e s  between the two overall  wetland measurements 
can be explained by the  fo l lowing :  1) The Obion  and Hatchie  River mea- 
surements  d i f fe r  because  the  wet lands  a t  the  upper  reaches  of t h e  
streams are d i f f i c u l t  t o  i d e n t i f y  on Landsat,  whereas these areas are 
v i s i b l e  on t h e  aerial photography; 2) The Reelfoot  Lake wetland area 
computed from Landsat is g r e a t e r  t h a n  t h e  U-2 measurement because the 
Landsat  measurements  extend into Kentucky on the north s ide of the 
l ake .  The wet lands i n  t h i s  area were n o t  mapped from the U-2 imagery 
Figure 9 ,  Hatchie River a High A l t i t u d e  (U-2) Aircraf t  Imagery,  65,000'  . NASA Photo. November 1975 
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TABLE V I 1 1  
COMPARATIVE WETLAND AREAS I N  W S T  TENNESSEE 
U-2 A i r c r a f t  L a n d s a t  
m.TLA.ND ( A c r e s )  (Ha)  ' ( A c r e s )  (Ha) 
REELFOOT LAKE 
C CMPARAT IVE 
106 , 508 43 , 103 114,495 46,335 HATCHIE  RIVER 
107,324  43 , 433 99,138 40,121 FORKED DEER R. 
88 , 733 35 , 909 94,492  38,240 OBION  R.Fl3R 
27,147 10,986 25 , 641 10 , 377 
SUB TOTALS 333,766  135,073 329,712  133,431 
"_ 
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i n  k e e p i n g  w i t h  t h e  p o l i c y  o f  mapping only Tennessee's  wetlands; and 
3) There is a gap i n  t h e  h i g h  a l t i t u d e  imagery a t  the  conf luence  o f  
t h e  Middle and South Forks of the Forked Deer River where the  wet lands  
could  not  be  gr idded .  
A gross  discrepancy of  113,566 acres (45,957 ha) w a s  found  between 
the Landsat  and high al t i tude gr id  measurements  of 155,968 acres 
(63,119  ha)  and  42,402 acres (17 ,160  ha)  respec t ive ly ,  for  wet lands  
w i t h i n  t h e  M i s s i s s i p p i  Lowlands.  This  dispar i ty  resul ted from the 
d i f f e r e n t  d e l i m i t a t i o n s  o f  t h e  M i s s i s s i p p i  V a l l e y  as a photomorphic 
f e a t u r e ,  and the  misc l a s s i f i ca t ion  o f  we t l ands  wi th in  the  Lowlands. 
S ince  the  wet lands  were measured independent ly  f rom the high al t i tude 
and Landsat data by d i f f e r e n t  i n t e r p r e t e r s ,  t h e i r  p e r c e p t i o n  o f  t h e  
Lowlands b o u n d a r i e s  v a r i e d  s l i g h t l y ;  more wet lands were inc luded  in  the  
Landsat  data  measurements  of  the Mississ ippi  Lowlands than  i n  t h e  air- 
c r a f t  measurements. Also, tracts o f  l a n d  i d e n t i f i e d  as wet lands   wi th in  
t h e  Lowlands from the Landsat imagery, may not  have  been  c lass i f ied  as 
swamplands  from t h e  h i g h  a l t i t u d e  d a t a  and v ice  versus .  This  misclassi- 
f i ca t ion  o f  we t l ands  may have been exaggerated by tempora l  d i f fe rences  
between the two types of imagery used in the comparative measurement 
analysis ;  the Landsat  imagery w a s  taken i n  September, 1972, while the 
U-2 imagery w a s  flown i n  November, 1975. 
Because  of  the  in te rpre ta t iona l  problems assoc ia ted  wi th  the  mea- 
surement  of  wet lands and the def ini t ion of  area, the comparative Landsat 
and h i g h  a l t i t u d e  measurements  of  wet lands within the Mississ ippi  Low- 
lands were not  enumerated i n  T a b l e  VIII. The exc lus ion  of  the  
Miss i s s ipp i  Lowland wetlands from the comparative image measurements, 
however, does not v i t ia te  t h e  s i g n i f i c a n t  c o r r e l a t i o n  i n  swampland g r i d  
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measurements l i s t e d  in  Table V I I I .  S t a t e ,  l o c a l ,  a n d  f e d e r a l  a g e n c i e s  
i n t e r e s t e d  i n  wetland management wi th in  West Tennessee  focus  the i r  
a t t e n t i o n  p r i m a r i l y  on the upland wet lands along the Obion, Forked 
Deer, and Hatchie Rivers, and t h e  swamplands around Reelfoot Lake. 
It is  i n  t h e s e  areas where factors ,  such as increased erosion from 
the  up lands ,  s ed imen t  po l lu t ion ,  and  l a rge  scale c l e a r i n g  f o r  a g r i -  
cu l tu re ,  have  adve r se ly  a f f ec t ed  the  we t l ands  mi l i eu .  Hence, t h e  
M i s s i s s i p p i  Lowland wetlands are considered separately from the upland 
wetlands because they involve a d i f f e r e n t  set of geomorphological and 
environmental  circumstances.  
Despi te  the l a r g e  d i f f e r e n c e  between t h e  two Lowland  swampland 
measurements,  the comparative percentage of agreement for the Landsat 
and high alt i tude measurements along the Obion, Forked Deer, and 
Ha tch ie  R ive r s  i n  the  up lands  augments t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  
Landsat areal ver i f ica t ion   procedure .   Landsa t   imagery   in te rpre ted  
through v isua l  techniques ,  therefore ,  can  be  employed by user -or ien ted  
agencies  as a r e l i a b l e  and economical ly  advantageous al ternat ive t o  
aerial  photography for  wet lands  da ta  co l lec t ion  and  management i n  West 
Tennessee. 
Summary: Landsat   Verif icat ion  Procedure - P a r t  I1 
~ 
I n  P a r t  I1 of  the  ver i f ica t ion  procedure ,  the  accuracy  of  Landsa t  
imagery for  measuring and mapping we t l ands  in  West Tennessee w a s  t e s t e d .  
The ve r i f i ca t ion  p rocedure  w a s  predicated on the wet land areal and 
l i n e a r  measurements .obtained from 14 photo frame t ransect  sites. 
These wetland measurements were then  compared w i t h  areal a n d  l i n e a r  
measurements of the same areas on the  Landsa t  da t a  via 14 t r a n s e c t  
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b locks  tha t  were s c a l e d  t o  t h e  1:250,000, 1:500,000 and 1:1,000,000 
scale imagery  used i n  the  s tudy .  Areal and  l i nea r  pe rcen tages  o f  
accuracy were computed fo r  t he  Landsa t  t r ansec t  b locks  relative t o  
swampland measurements derived from case study areas on t h e  aerial 
photography. An a n a l y s i s  o f  t h e  v e r i f i c a t i o n  p r o c e d u r e  i n d i c a t e d  t h a t  
th ree  sca les  of  Landsa t  da ta  used  in  the  s tudy  had areal a n d  l i n e a r  
percentqges  of  accuracy  grea te r  than  90 p e r c e n t ;  t h e  1:250,000 scale 
Landsat data, however, was t h e  most r e l i a b l e  scale of imagery f o r  
visual ly  measuring and mapping wetlands.  
The wetlands of West Tennessee were then measured from 1:250,000 
scale Landsa t  da t a  to  ob ta in  an  ove ra l l  swampland area t o t a l .  
This aggregate measurement w a s  compared wi th  an independent wetland 
measurement   taken  f rom  high  a l t i tude  a i rcraf t   imagery.  The r e s u l t s  
of these comparative wetland measurement tests i l l u s t r a t e d  t h a t  
Landsat imagery is an  accu ra t e  medium for measuring and mapping w e t -  
l a n d s  i n  West Tennessee. 
CWPTER V 
SUMMARY AND CONCLUSIONS 
The o b j e c t i v e  of th i s  pro jec t  has  been  to  ver i fy  Landsat  imagery as 
a n  a c c u r a t e  medium for obta in ing  near - rea l  time car tographic  and geo- 
graphic  informat ion  on  the  wet lands  of  West Tennessee.  Simple,  manual 
techniques  have  been  u t i l i zed  in  the i n t e r p r e t a t i o n ,  mapping,  and  accu- 
racy  tes t ing  phases  of the  s tudy  to  f a c i l i t a t e  t h e  employment of Landsat 
d a t a  f o r  w e t l a n d s  a n a l y s i s  by a w i d e  range of use r s .  A s  the r e s u l t s  o f  
the  s tudy  ind ica te ,  Landsa t  imagery  i s  a r e l i a b l e  d a t a  s o u r c e  f o r  d e t e c t -  
ing ,   ident i fy ing ,   measur ing ,  and  mapping w e t l a n d s   i n  West Tennessee. The 
degree  of  car tographic  and  measurement accuracy that can be at ta ined from 
Landsat  using visual  methods,  however, depends upon two interconnected 
c r i t e r i a :  1) t h e   i n t e r p r e t a t i v e  and   p l an ime t r i c   qua l i t i e s  of Landsat 
d a t a ,  such as the  in t e rna l  geomet r i c  d i s to r t ion ,  edge  sha rpness ,  and  s c a l e  
of t h e  MSS imagery; and 2) t h e  s k i l l  o f  t h e  i n t e r p r e t e r .  
A s  t h e  d e s c r i p t i o n  of t he  Landsa t  imagery  in  the  s tudy  i l l u s t r a t e s ,  
we t l and  cha rac t e r i s t i c s  va ry  wi th  the  spec t r a l  band ,  da t e ,  and scale of 
t h e  data used.  Color  composite  imagery i s  more use fu l  fo r  we t l ands  
d e l i m i t a t i o n  and mapping i n  comparison with normal black and white or 
in f r a red  da ta  because  o f  i t s  f a l s e - c o l o r  p r o p e r t i e s .  The color displayed 
by wetlands i s  unique  and  grea t ly  enhances  the i r  de tec t ion  from t h e  sat- 
e l l i t e  da t a .  Color becomes pa r t i cu la r ly  impor t an t  when mapping  and 
measuring  swamplands a t  the  we t l and  f r inges ,  a t  the upper reaches and 
t r i b u t a r i e s  o f  t h e  Obion,  Forked Deer, and Hatchie  Rivers ,  within the 
Miss i s s ipp i  A l luv ia l  Va l l ey ,  and around  urban areas. Assoc ia ted  wi th  the  
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spectral  characteristics  of  the  data  for  wetlands  analysis  in  West 
Tennessee  are  the  seasonal  aspects of the  imagery.  Although  the  signa- 
ture  exhibited  by  wetlands  is  the  primary ke to  their  delimitation,  the 
color  or  tone  of  the  swamplands  is  affected  by  seasonal  dynamics.  The 
ease  or  difficulty  of  wetlands  detection  uctuates  temporally;  the 
amount  of  water  and  foliation  present  clues  for  seasonal 
swampland  mapping  from  Landsat  data. - \ " 
Paramount  in  importance  as  characteristics  which  affect  the  visual 
mapping  and  measurement  of  swamplands  from  Landsat  imagery  are  scale  and 
edge  sharpness.  The  study  illustrates  that  image  clarity  and  measurement 
error  are  inversely  proportional  to  scale; i.e., image  sharpness  decreases 
at  larger  scales  while  the  amount  of  measurement  error  increases  at 
smaller  scales.  1:250,000  scale  color  composite  imagery  is  the  most 
useful  type  of  imagery  for  accurately  mapping  or  measuring  wetlands  from 
Landsat  data.  At  1:250,000  scale  the  clarity  of  wetlands  on  the  imagery 
is  less  sharp  than  at 1:500,000 and  1:1,000,000  scales,  but  there  is  more 
tolerance  for  aberration  and a greater  opportunity  for  cartographic  and 
measurement  precision  than  at  the  smaller  scales 
Although  the  delimitation  of  wetlands  is  directly  tied o-spectral 
and  seasonal  characteristics  and  the  scale  of  the  data,  accurate  swamp- 
land  maps  and  measurements  cannot be obtained  unless  the  imagery  is 
planimetrically  reliable.  The  planimetric  tests  of  the  study's  Landsat 
imagery  data  base  indicated  that  the  imagery  met  or  approached  National 
Map Accuracy  Standards.  This  test  of  the  imagery  substantiated  the  use 
of Landsat BSS data  as  a  reliable  photomap  for  the  cartographic  analysis 
of  wetlands  in  West  Tennessee. 
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Despi te  the importance of  image q u a l i t y ,  s c a l e ,  o r  d a t e ,  o n e  o t h e r  
f a c t o r  i s  e s s e n t i a l  f o r  a c c u r a t e l y  mapping and measuring wetlands from 
L a n d s a t  d a t a ;  t h i s  i s  the  human element - t h e  p e r c e p t i v e  a b i l i t i e s  o f  t h e  
i n t e r p r e t e r .  The L a n d s a t  v e r i f i c a t i o n  and cartographic  procedures  used 
in  the  s tudy  were  des igned  for  s impl ic i ty  and r e l i a b i l i t y  f o r  employment 
by the  wides t  poss ib le  number of  users .  To u t i l i z e  visual i n t e r p r e -  
t a t iona l  t echn iques  fo r  we t l and  de l inea t ion  in  West Tennessee from 
Landsat imagery, i t  i s  n o t  e s s e n t i a l  t h a t  t h e  i n t e r p r e t e r  h a v e  had exten-  
s ive   t ra in ing   in   the   ana lys i s   o f   remote ly   sensed  data. It i s  imperat ive,  
however, t h a t  h e  be fami l ia r  wi th  the  s tudy  area  to  achieve  accuracy  in  
d e l i n e a t i n g  swamplands. 
F ie ld  reconnaisance  e i ther  v ia  ground surveys  or from low a l t i t u d e  
aerial photography i s  an  in t eg ra l  part of  the  photo- in te rpre ta t ive  process  
when mapping  and  measuring  wetlands  from  Landsat  imagery. The i n t e r p r e t e r  
m u s t  be cognizant  of  the  topographic ,  vege ta t iona l ,  and geographical 
parameters that  comprise and surround the West Tennessee wetlands to 
achieve  accuracy  in  the  delimitation  of  wetlands  from  the  imagery. It i s  
a l so  va luab le  to  have  f i r s t -hand  knowledge of how the wetlands change with 
the  seasons ;  t ha t  i s ,  how the wetlands appear a t  o r  nea r  ground l e v e l  a t  
d i f f e ren t  s easons  and how seasonal dynamics are reflected on the imagery. 
For the development of a w e t l a n d s  c l a s s i f i c a t i o n  scheme o r  t o  a c c u r a t e l y  
map and measure wetlands from Landsat data, therefore ,  the cognizance and 
p e r c e p t i v e  s k i l l  o f  t h e  i n t e r p r e t e r  are of v i t a l  importance. 
In  conc lus ion ,  t h i s  s tudy  has  succeeded  in  ve r i fy ing  Landsa t  data a s  
an accurate  medium fo r  t he  geograph ica l  ana lys i s  o f  we t l ands  in  West 
Tennessee.  Because  manual  techniques  were  employed i n  t h i s  i n v e s t i g a t i o n ,  
the  methodology  of  the  study  has  not  been  overly  rigid  in  structure; 
interpretational  biases,  prejudices,  and  assumptions  are  unavoidably  a 
part of the  research  and  its  results.  These  predilections  are an integral 
part  of  the  study,  however,  since  they  indicate  that  the  visual  classifi- 
cation  system  utilized  in  this  research  can  readily  be  adapted  to  fit  the 
needs of the  user.  Wetlands  are  unique  environments  and  any  decision  con- 
cerning  them  must  take  the  nuances of the  swampland  milieu  into  account. 
The  visual  interpretation  of  wetlands  from  Landsat  data,  therefore, 
offers  one  significant  advantage  over  machine-processing  techniques: 
each  area  mapped  or  measured  can  be  studied  to  see hQw it  fits  into  the 
decision-making  framework  established  by  the  user. 
With  care  in  interpretation  of  the  West  Tennessee w tlands-from the 
satellite  imagery,  the  cartographic  and  measurement  accuracies  achieved 
in  this  work  should be attained  or  exceeded  utilizing  similar  quality 
Landsat  data.  The  systematic,  visual  delimitation  of  wetlands  from 
Landsat  imagery,  however,  must  be  tested on a regular  basis  to  provide 
further  confirmation of the  results  of  this  research. It is  hoped  that 
this  study  will  be  a  progenitor  for  other  more  in-depth  analyses  con- 
cerning  the  utilization of  Landsat  data  for  the  examination  of  wetlands. 
The  preliminary  investigative  stage  of  research  is  over  and  the 
applications-oriented  phase  is  now  ready  to  commence;  in  essence,  the 
experimental  "ball"  is  now  in  the  "court"  of  the  users. .Only through 
application  by  interested  individuals  and  agencies  will  the  utilization 
of  Landsat  imagery  as  an  accurate  and  economically  attractive  data 
.collection  medium  become  a  reality. 
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Chapter I11 
(48) The root-mean-square (rms) of a set of N v a l u e s  is d e f i n e d  t o  
be  the  square  root  of  the  mean of t h e i r  s q u a r e s ; 2 3  t h a t  is  
r m s =  J C X ,  R 2 
N 
e.g.  Given values of 2,5, and 10: 
r m s  = J 2 + 5 + SO2 = e = .m = 6.557 2 2 
3  3 
(56) Average  photo scale is t h e  scale a t  t h e  mean e l eva t ion  o f  t he  
t e r r a i n   c o v e r e d  by a par t icu lar   photograph .  The average  photo 
25 
scale is expressed as: 
Where f = camera foca l  l eng th ,  H = a i r p l a n e  a l t i t u d e ,  and 
h = a v e r a g e   t e r r a i n   e l e v a t i o n .  
avg 
Chapter IV 
(64) Each t r ansec t   b lock  was cons t ruc ted   us ing   the   fo l lowing   procedure :  
1) The t o t a l  f t  / a c  (m / h a )  p e r  i n c h  o f  t h e  e n t i r e  t r a n s e c t ,  n o t  2  2 
j u s t  t h e  amount of  wet lands present ,  m s  computed acco rd ing  to  
t h e  scale of the photo frame used as a t ransec , t  s i t e  ( e .g .  s ca l e  
of the photo = 1:25,465; 1 inch  = 2,122.08 
square inch = 4,503,237.67 f t 2  [415,360.93 
[41.84 h a ] ;  t h e r e f o r e ,  t h i s  p a r t i c u l a r  9 x 
photo  frame = 81 square  inches [ 529 c m  2 
f t  [647.23 ml; 1 
m ] o r  103.38 ac 2 
9 inch  [23 x 23 cm] 
] o r  364,762,251.4 f t  2 
[33,886,310.93 m ] or 8,373.79'ac [3,338.72 ha]';  2) The square 
r o o t  o f  t h e  t o t a l  f t  /ac (m /ha) of  each 9 x 9 inch (23 x 23 cm) 
photo frame w a s  then  computed t o  f i n d  t h e  l e n g t h  of one s ide of  
t h e  t r a n s e c t  b l o c k  i n  f e e t  (m) a t  the  photo  scale (e.g.  
/364,762,251.4 = 19,090.75 f t 3  5,818.86 m l ) .  The r e s u l t   o f  
t h i s  c a l c u l a t i o n  w a s  then diirided by t h e  f e e t  p e r  i n c h  a t  t h e  
2 
2 2 
Landsat scale (e.g.  2,083.33 f t  K635.16 m l  pe r  i nch  a t  t h e  
Landsat scale of 1:250,000) to  g ive  the  l eng th  o f  one  s ide  o f  
t he   t r ansec t   b lock   ( e .g .   19 ,098 .75   f t  = .93.674 inch  a t  
20,833.33 f t  
1:250,000);  3)  This  f igure w a s  t h e n  m u l t i p l i e d . b y . 6 0  so t h a t  
t he  t r ansec t  b lock  cou ld  be  cons t ruc t ed  a t  t h e  t h r e e  scales of 
Landsat  using an engineer 's  scale (e.g. .91674 inch  x 60 = 
55.00 1 / 6 0 t h s  f o r  o n e  s i d e  of t h e  t r a n s e c t  b l o c k  a t  the Landsat  
scale of 1 : 250,000). 
117 
The areal percentage of  accuracy w a s  computed us ing  the  formula :  
loo -.I% Wetlands are of Total Area of Landsat Transect Block % Wetlands are of  Tota l  Area of Photo Frame - (minus) 
I % Wetlands are o f  Tota l  Area of Photo Frame 
The smaller t h e  s i z e  of the  ind iv idua l  wet land  parce l ,  the  h igher  
the  percentage  of  e r ror ,  no t  because  there  w a s  less d e t e c t a b l e  
aggregate  area in  r e l a t i o n  t o  t h e  medium a l t i tude  photo  f rame,  
but because small wet land  parce ls  w e r e  no t  image- ident i f iab le  on  
the Landsat imagery. The minimum wetland area tha t .  could  reli- 
ably be est imated from Landsat  w a s  .10 of a cel l .  This w a s  
e q u i v a l e n t  t o  9.96 acres (4.03 hectares)  a t  1:250,000 scale; 
39.80 acres (16.13 hectares)  a t  1:500,000 scale; and  15,942.25 
acres (645.15  hectares) a t  1:1,000,000 scale. The s c a l e  o f  t h e  
imagery, therefore,  had as much i n f l u e n c e  o n  p a r c e l  s i z e  measure- 
I 
11 8 
ment as d i d  t h e  r e c o g n i z a b i l i t y  o f  t h e  smallest wetland tracts on 
the multiscaled Landsat imagery. 
(72)  The l inear   percentage   o f   accuracy  w a s  computed using  the  formula:  
100 - % Wetlands are of  Total  Photo Frame T3near r)istance.(minus) % Wetlands are of Total  Area of Landsat Transect Block 
Linear  Distance 
% Wetlands are of Total Photo Frame Linear  Dis tance  
( 8 2 )  Mean dev ia t ion  = ?l c ]x - Zl 
i= 1 
N 
The  mean d e v i a t i o n  r e p r e s e n t s  t h e  a r i t h m e t i c  mean of t h e  a b s o l u t e  
d i f f e r e n c e  of each score from the mean. 27 
N 
i= 1 
e.g.  C [ X  - El = 1 + 8 + 1 3  + 4 + 16 = 42 = 8 . 4  -
5 5 
N 
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